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1. INTRODUCTION 



Importance of EducatLii on Science/Technology/Society 

In a democracy, citizens have the right and responsibiiity-as voters, consumers, workers, and of- 
fice holders -to participate in decisions about issues related to social uses of science and technology. 
The success of individuals and their society Is tied to the quality of these choices, which varies with the 
knowledge and cognitive skills of decision makers. The vitality of our American democracy depends 
upon widespread ability of citizens to think effectively about developments in science and technology 
and their effects on the worid. Therefore, a central mission of American schools should be education on 
science and technology In a social context. 

Thus, the position statement on science, technology, and society, adopted by the National Science 
Teachers Association In 1982, states, in part: "Many of the problems we face today can be solved only 
by persons educated in the Ideas and processes of science and technology. A scientific literacy is basic 
for living, working, and decisionmaking In the 1930s and beyond." 

Similariy the position statement developed by the Science and Society Committee and adopted by 
the National Council for the Social Studies Boa'd of Directors in 1982 states: "The impact of science 
and technology upon society, be It an environmental impact study, the energy problem, or other timely 
occurring issues, indicates a need for social studies and science educators alike to develop guidelines 
for teaching about science-related social Issues. Science Is a social issue, and the examination of scien- 
tific Issues offers an excellent opportunity for helping students develop a synthesized perspective on 
science-related Issues, a synthesis of the technical data coupled with social, political, economic, ethical, 
and philosophical infomiation."^ 

These two position statements give niajor responsibility for education about social issues related to 
science and technology to teachers. Teachers must rethink the role they play in the development of 
STS education, particulariy in reflecting the constant shifts in values, the need for an increased 
knowledge base, and the implementation of processes that convey knowledge while including students 
In active, participatory learning 

The introduction of STS issues and themes into the science and social studies curricula offers uni- 
que opportunities to achieve these goals. Whether STS is infused Into an existing course or used as the 
foundation for a course, STS content should be presented so as to encourage :,tudents to think about 
the social and personal implications of the issues. 

Purpose of This Project 

To help educators meet this challenge, the Social Science Education Consortium has undertaken a 
project entitled "Building Support Networks for Improved Science/Technology/Society Education." 
Funded by the National Science Foundation, the project has developed a series of STS resources help- 
ful to both science and social studies educators. 

SciencelTechnologylSoclety: A Framework for Curriculum Reform in Seconda/y School Science 
and Social Studies provides a guide for designing units of study that integrate knowledge from science 
and social studies. Included are guidelines for selecting STS content, developing skill in anelyzing STS 
Issues, developing positive attitudes toward science and technology, assessing options tor the design 
of STS curricula, and infusing STS into secondary science and social studies courses. The Framework 
also presents a powerful rationale for the STS cun-iculum movement. 

This volume, SciencelTectinologylSoclety: Training Manual, can be used by teachers, department 
chairs, curriculum supervisors, and other educators to design a training program covering the following 
phases of program de -'opment: building a rationale for STS, determining the most appropriate fit for 
STS Issues in the curriculum, developing an integrated approach for teaching about STS issues, select- 
ing and developing STS mateiials, and evaluating the STS program. 
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SciencelTechnologylSocety: Model Lessons for Secondary Social Studies Classes and Model 
Lessons for Secondary Science Classes exemplify the guidelines provided in the curriculum framework 
and training manual. Although the lessons were designed for infusing STS topics into ihe science and 
social studies curricula, they a .Id also be grouped to create an STS unit or be combined with other 
materials to form the basis for an STS course. Many of the activities are extant lessons Identified as 
oeaiing with STS issues and themes. For each such activity, the original source is listed, thus enabling 
the user to locate additional materials with potential STS emphasis. Other lessons were developed by 
project staff to ansure at least modest coverage for each of the courses within the science and social 
studies cun-icuia There Is some overtap between the two volumes. However, users will find that some 
lessons provided only in the social studies volume, for example, are also useful in science classes. 

th- ia^J^ ^" P"""^®^ publications and related STS materials is provided at the end of 

inlS DOOK. 



Oroanlzatlon of the Training {Manual 

designed to help trainers- whether state-level coordinators, university teacher 
trainers, district coordinators, or lead teachers -implement the guidelines provided in Science/Technoi- 
ogyiSoclety: A Framework for Curriculum Reform in Secondary School Science and Social Studies To 

f °' ^"^^ 9""^^ «° designing training programs 
to support implementajon of STS; (2) a selection of activities for use in training sessions; and (3) 
reference material on STS teaching strategies. 

Chapter 2 discusses strategies for designing training programs in support of STS Implementation- a 
range of training sessions- including awareness sessions for administrators and school boards inser- 
onLH?'^ K^l?'' and trainer-of-trainers sessions-are covered. Spectel emphasis is 'placed 

on setting objectives for training and matching activities with those objectives. 

. ^^^"^^'^^ ^"^ ^ ""^"Se of training activities divided into four categories: (1) activities that in- 

roduce STS, focusing on what it is and why It is important; (2) activities that help teachers fit STS into 
thek cumcula; 3) activities that help teachers develop action plans for Implementing STS. including 
wori<ing with cdieagues in other departments (i.e.. working interdisciplinarily between science and so 
ciai studies); and (4) activities on evaluating STS programs. 

The training activities are presented in a standard format; each includes background for the trainer 
a list of materials needed, activity objectives, and suggested steps for using the activity, including in- 
structions for debriefing. Masters for wori<shop handouts are provided as appropriate. Transparency 
masters, because they are used in more than one activity, are presented in Appendix A. 

^ °' (P'"»sented in Appendix B) provides brief descriptions of activity- 

K?!"S> fl"''! °?^'j*''f®^?*JPP''°P'''^*® STS. input from science educators, in particular, 

has indicated lack of familiarity with many such strategies. Consequently, training activities and 
materlais may wei I be appropriate. For each strategy covered, the manual provides a brief narraiive- a 
Wack-iine master (for overhead and/or handout), generally in checklist, chart, or other graphic tor^ 
and cross-references to the model lesson volumes. 



Note* 

1 



!SI?"«l?'^'®."'^® Teachers Association. Science-Technoiogy-Society: Science Education for the 
1980s (Washington, DC: NSTA. 1982). 

Science and Society Committee of the NCSS. "Guidelines for Teaching Science-Related Social Is- 
sues. Social Education 47 (April 1983). p. 258. 
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2. DESIGNING A .'RAINING PROGRAM 



This Training Manual has many potential users with different objectives and different degrees of 
commitment to STS education. The audiences for whom they wiii be conducting training sessions will 
differ as well. Thus, we cannot address ail the variables that every user must deal with in planning a 
training program. However, certain steps must be taken in planning any session; the sections that fol- 
low cover those steps, examining special considerations in planning awareness sessions, infusion train- 
ing sessions, course planning sessions, and training-of-trainers sessions. 

Identifying the Audience 

Identifying the audience -whom you are trying to reach -is a key first step in planning any training 
session. Appropriate audiences wiii likely vary depending on the type of session you are planning and 
the decision-making process in the district in which you are working. However, some general con- 
t Jeratlons can be stated for each kind of traininq session. 

Awareness Sessions. Awareness sessions are designed to develop general knowledge of what 
STS Is and why It is Important. Potential audiences Include administrators and policy makers (such as 
school boards), curriculum coordinators, teachers, and community representatives. Each of these 
audiences has a role to play in encouraging or preventing innovation, so planning some awareness ac- 
tivities for each is a good Idea. For example, because administrators and policy makers can "make or 
break" an Innovation, It Is Important to develop their awareness of STS as a first step in gaining support 
for the change. 

Simllariy. discipline supervisors (if present in a district) can be helpful in a number of ways- 
developlng instructional materials, initiating staff development, and directing the efforts to include STS 
In the district's long-range program objectives. Staff supervisors are also critical in detemiining teaching 
assignments, equalizing course loads, resolving conflicts, and selecting staff to participate in new cour- 
ses or projects. Thus, eariy exposure of discipline and staff supervisors to an awareness session -lead- 
ing to early buy-in and commitment to STS -is critical. 

Those expected to implement STS -teachers- must understand what STS is and why It is Impor- 
tant before they can plan to incorporate it in the curriculum. Thus, a separate awareness session should 
be scheduled for teachers, or a portion of a longer training program should be set asWe for introduc- 
tory av.'areness activities. 

Finally, the support of various community groups may also be important in implementing STS, par- 
tteulariy if the program will Include extensive community work by students or analysis of issues that are 
controversial. Thus, while awareness sessions for community groups may be Important, these may be 
conducted later In the implementation process, when the nature of the program being Implemented Is 
fully defined. 

Infusion Training Sessions. The key audience for infusion training sessions is teachers -science, 
social studies, or both. However, inviting building-level administrators and curriculum coordinators to 
portions of the training may also be politic. Furthermore, if materials will be selected as part of the train- 
ing, district guidelines for materials selection should be followed; if guidelines call for parent input, for 
example, you must be careful to include parents in this portion of the training. 

Course Planning Sessions. Like infusion sessions, the key audience for course planning sessions 
Is teachers. Because of the interdisciplinary nature of an STS course, teachers from both disciplines 
should be Included in the sessions. Again, attendance by administrators, curriculum coordinators, and 
community representatives may be advisable. 

Tralner-of-Tralners Sessions. Depending on the level at which a trainer-of-trainers model is being 
Implemented -state, regional, or local -the designated trainers may vary. However, they should include 



Instructional leaders with some training experience -curriculum coordinators, department chairs lead 
teachers, and the like. 

In identifying audiences for any of the kinds of training discussed here, It may be useful to empiov a 
team approach; for example, asking each school participating in a district training to send a team of 
science and social studies teachers helps build a coiiegial network that will enhance chances for 
change occurring In the school after training. ^-wnces ror 

Setting Objectives 

Setting dear objectives for a training session is probably the most impo.tant aspect ot planning, in 
setting objectives, you must consider the time available for the training and the resources available for 
provW^ng follovv-up support to participants. Both of these factors may place constraints on how much 
can De accomplished or how much can be expected as a result of training. 

Some sample objectives for various kinds of training piograms are given below. 
Awareness Session: 

• To demonstrate the importance of science, technology, and their impacts on society in 
participants own lives. 

• To demonstrate the relationship between STS and what students will need to know and be 
able to do as adult citizens. 

• To familiarize participants with the rationale for STS education 

• To make participants aware that STS can be implemented through infusion or creation of 
new courses. 

(See Chapter 3 for related activities.) 
Infusion Training Sessions (all of tne above objectives plus): 

? To help participants Wentify goals for infusing STS into the curriculum. 

• To Wentify links between STS content, skills, and attitudes and current curriculum. 

• To help participants become skilled at evaluating STS materials and lessons. 

• To demonstrate the range of teaching strategies that can be used in STS 

• To teach participants a process for developing STS lessons or units. 
(See Chapter 4 and Appendix B for related activities and materials ) 

• To demonstrate in a nonthreatening way the potent^ for interdisciplinary planning and 
teaching. " 

• To help participants develop an Impiementatlon/actlon plan for STS 
(See Chapters for related activities.) 

• To provide participants with the skills needed to evaluate their STS program 

• To provide participants with tools for evaluating student learning in STS 
(See Chapter 6 for related activities.) 

Course Planning Sessions: 

• To help participants identify goals and objectives for an STS course. 

• To engage participants in the initial steps in content selection. 

• To demonstrate in a nonthreatening way the potential for interdisciplinary planning and 
teacl'iing. " 
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• To help participants develop an implementation/action plan for STS. 
(See Chapter 5 and Appendix B for rented activities and materials ) 

• To provide participants with the skills for evaluating STS materials and lessons. 

• To teach participants a method for devaloping STS lessons or units. 
(See Chapter 4 for related activities.} 

• To provide participants with the skills needed to evaluate their STS progra.n. 

• To provide participants with tools for evaluating student learning in STS. 
(See Chapter 6 for related activities.) 

Training of Trainers (all of the objectives for Awareness and Infusion Sessions plus): 

• To help participants develop a plan for conducting local inservice training. 

Making Logistical Arrangements 

Three simple, but often neg;ected, factors must be considered in mal<ing logistical arrangements: 
(1) setting an appropriate time an J date for the session, (2) finding a suitable room, and (3) insuring 
that all needed equipment is aval able and functioning. In scheduling awareness sessions, which are 
generally relalively brief (15 minit /s to two hours at most), it is often advisable to include the presenta- 
tion as part of another meeting that the targeted audience will be attendlng-a school board meeting, 
social studies or science tearn meeting, a professional conference, etc. Other training sessions, which 
will require a longer time commitment, require careful scheduling to ensure maximum participation. 
Whenever possible, of course, providing released time for teachers so that the training can be held 
during the school day is the most reliable method of assuring high participation. If this is not possible, 
however, the trainer should worl< with representatives of the target group and administrators to achieve 
the most advantageous scheduling. 

For the l<inds of training activities presented in this manual, a flexible meeting space with movable 
work tables and chairs is nf xied. The trainer is well advised to make these requirements known to 
whoever makes such arrangements in the district. In any event, the trainer should visit the assigned 
meeting room prior to the training session so adjustments can be made if necessary. 

Similarly, it is advisable to bring your own audiovisual equipment or to test the equipment provided 
enough in advance of the session to make repairs or other adjustments if necessary. A presentation 
that relies on overheads can be seriously undermined by ^ burned-out bulb. 

Conducting the Training 

In conducting the training, there are several considarations to keep in mind. First, demonstrating 
lessons Is an effective technique only if the lessons being demonstrated serve the objectives of the 
training session. When they do, not only will you achieve the objectives, but you will also have provided 
participants with an idea they can implement in their classrooms. 

Too often, however, trainers demonstrate activities without thinking through their relationship with 
the overall objectives or without helping participants draw out the connections. The importance of 
debriefing activities thoroughly cannot be overemphasized. Indeed, trainers must keep in mind the 
levels at which activities should be debriefed. For a teacher-training session in v^hich classroom ac- 
tiviiies are demonstrated, the activity should be debriefed at ^/vo levels: 

• How does this activity work in the classiOomV How would it need to be adapted to fit your 
needs? How could it be expanded or improved? 

• How does this activity demonstrate a key point about STS education (e.g., the importance of 
STS to students' future decision-mailing as citizens or the applicability of nontraditional 
teaching techniques to STS content)? 

For a training-of trainers session, yet another level of debriefing must be added. 



• How would this activity work In a teacher-training session In your district? What points can it 
be used to make? 

Not only does well-planned debriefing help participants make Inferences based on the activity arxJ 
plan for their own use of the activity, it allows them lo be proactive In suggesting Improvements to the 
activity -for their own and their colleagues' use, as well as the trainer's. 

It may ah j be helpful to keep In mind that whi;? STS content Is u amlllar enough to most par- 
ticipants that they will be able to learn something from many of the aciivitles provided In the Model Les- 
sons volumes, it Is generally wise to treat participants as adult learners and not ask them to assume the 
role of their students. Doing so may offend some participants and may distract attention from the objec- 
tives of the training activity. 

A final caution, which perhaps seems too obvious to mention but Is nonetheless often Ignored In 
conducting training programs: Do not let your zeal to accomplish a long series of objectives compel 
you to work the group too hard. Breaks and some Informal conversation time are essential and will In 
the long run Increase productivity. 

Evaluating the Training 

In most Instances, the trainer will want to determine through the evaluation the degree to which 
training activK.JS achieved their objectives and the kinds of fdlow-np support participants identify as 
being needed. Thus, the evaluation and its Instruments will derive directly from the training objectives. 

Surveys or Interviews are usually the most cost-effective means of collecting data about your train- 
ing activities. Each approach has strengths and weaknesses. Surveys are excellent for collecting data 
from large numbers of Indivkluals, but they often lack the detail and depth necessary for understanding 
why respondents answered at they did. Interviews provide detailed Information but are costly and tlme- 
consumlnn when applied to large numbers. 

While it Is easiest to collect data Immediately after the training activity and such an exorcise Is cer- 
tainly appropriate, tralr^^rs might also administer a survey or Interview a sample oJ participants after 
they have had an opportunity to apply what they learned. Time to reflect and apply what was learned In 
training can produce different responses and suggested Improvements, which might be extremely help- 
ful In designing future programs and In planning follow-up assistance. Thus, if resources are available, 
trainers might conr'aer a time series evaluation model In which assessments a'9 conducted several 
times. 

In constructing your evaluation Instrument, you will need to decide whether to use an open or 
closeu format; this refers to whether the respondent must select from two or more response choices 
provided (closed format) or can simply respond in his/her own words (open fomiat). 

A LIkert scale Is a forced-choice technique that provides an avenue for measuring the strength of 
respondents' feelings. LIkert scales cons!<$t of a set of statements that participants are asked to respond 
to by indicating the extent to which they agree or disagree (e.g., strongly agree, agree, neutral, dis- 
agree, strongly disagree). 

While forced-choice techniques have the advantage of providing information that can be easily sub- 
jected to statistical analysis, these approaches are relatively weak with regard to explanatory power. For 
example, you may learn that participants don't Intend to use community resource persons, but you 
won't know why. They may not feel comfortable with the strategy, they may not have time to locate ap- 
propriate persons, or school policy may inhibit having community persons In classrooms. Without addi- 
tional Information, you cannot identify which explanation Is correct. Therefore, forced-choice formats 
are often more powerful when accompanied by open-onded questions. For example, a forced-choice 
item, supplemented by an op -ended question, might be: 
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I learned how to plan an STS wo.AShop for teachers. 
Strongly agrep 1 2 3 4 5 Strongly disagree 

Please r><pla;n your answer. If you disagree, please Indicate what additional assistance would be 
helpful. 



Togt ^er, these questions not only piovide a basis for a statistical aruilysis of tnis aspect of the training 
program but also explain the statistical data and provide formative data for program Improvement. 

After you have selected the format you wish to us3 for your data collectioa you must write the In- 
dividual Items very carefully. The following suggestions -while not comprehensive -are Intended to 
help trainers write Items that will generate accurate, valid, and useful data: 

• Keep questions simple. Use syntax and vocabulary that are easy to understand. 

• Avoid combining two Issues. For example, the following LIkert scale question would be better 
written as two questions, with one focuslr.g on classroom use and one focusing on sharing: 
"I expect to apply what I learned In this workshop in my class and to share It with col- 
leagues.** Participants who will share, but not use, what they learned (or vice versa) cannot 
make a response to this question that provkles accurate and useful data. 

• Avoki loaded questions or ones that contain terms that might bias resporises. For example, 
by Indicating what school policy is, the following question may Influence some persons to 
respond positively: "School policy mandates that STS be Included In the civics and general 
science courses. Do you agree?" A better way of phrasing ihe question would be: "Do you 
agree that STS should be included In civics and general science courses?" 

• Do not word Items In a manner that suggests that certain responses are more acceptable 
than others. When Interviewing, respond In a similar manner to all response'" Head nodding 
or words of encouragement when respondents offer positive assessments will encourage ad- 
ditional similar responses and decrease negative ones. 

• AvokJ ner«>tively worded Items, such as: "Do you agree that the district has not provkjed 
enough staff developnient in the area of STS?" A better Item would be. "Do you feel that the 
district has provWed enough staff development In STS?" 

The layout of written Instruments can also Influence results. The general appearance should convey 
a sense that completing the Instrument is easy. Items should be clearly separated, with sufficient space 
provided so that they do not i ppear to be crowded together. 

The Instrument ;9hould b jgin with a brief explanation of how responses will be used, followed by 
clear, concise directions for completing the Instrument. The first items should be nor<threatenlng ques- 
tions; you can then progress toward more challenging ones. Items that deal with related topics should 
he grouped together. 

When you have collected your data, you should analyze It to determine where the training program 
needs to be strengthened and what follow-up support is available. If resources are not currently avail- 
able for follow-up, a well-written evaluation summary i.iay help justify expenditure of such resources. 

For forced-choice Items, simple tabulation of respo .js by type should be done immediately; that 
Is, indicate how many persons selected A. B, C, and D. If percentages or mean scores are helpful, 
these should also be calculated. Means, percentages, and absolute scores can be converted to charts 
or graphs In final reports. 

For open-ended responses. It Is most helpful to read all of the responses to a particular question 
with the klea of looking for categories o' responses. After an Initial review of the responses, you may 
klentify several general categories of responses. During secondary analysis, assign each response to 
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one of these categories and make note of exemplary comments for each category. The number of 
responses In each category and the strength of feelings expressed are useful explanatory data. These 
groupings can be converted to numerical scores for reporting, with "typical" comments used to Il- 
lustrate the responses In each category' 

Compare the results of the forced-choice items with the open-ended items 'n preparation for writing 
your summary of the data. In preparing your summary, it Is best to let the data speak primarily for itself; 
don't overgeneralize! 
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3. INTRODUCING STS 



General training objectives addressed by the activities In this chapter Include: 

• To demonstrate the Importance of science, technology, and their Impacts on society In 
participants* own lives. 

• To demonstrate the relationship between STS and what students will need to know arKi be 
able to do as adult chizens. 

• To familiarize participants with the rationale for STS education. 

• To make participants aware that STS can be implemented through Infusion or creation of 
new courses. 
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WHERE IS STS IN MY LIFE? 



Background Notes 

Science and technology are powerful social forces and generators of critical public Issues. One 
strategy for helping educators beigln to develop a rationale for Including STS In the cunlculum Is to 
make them aware of how science and technology affect their own lives. Tliat Is one of the alms of this 
activity. A second aim Is to help educators more clearly define the three components of STS educa- 
tion-science, technology, and society -and think about the Interactions among these components. 

Three alternative strategies for presenting the activity are described. The first -Technology Mind 
Walk -Is the least Involved and can probabiy be completed In 15 minutes or less. The second -Tech- 
nology Timeline -takes only slightly longer and may work particularly well if participants will be coming 
Into the sessbn over a period of several minutes. The final option-Ten Inventions That Changed Our 
Lives -Is the most Involved and will likely takp 30 to 45 minutes to complete. Other activities from the 
model lessons volumes might be adapted to fit the purposes of this training activity as well; these 
would Include *'STS In My Life" (Lesson 9 In both volumes) and "Bumper Sticker Position Statements'* 
(Lesson .1 In both volumes). 

Whatever strategy Is used to help educators assess the Importance of STS In their own lives, the 
activity should bo debriefed by focusing on definitions of the components of STS and the process of ra- 
tionale development. Two transparencies l>ased on the Framework for Curriculum Reform In Secorxiary 
School Science and Social Studies are provkied (see Appendix A) for use In the debriefing. 



Conducting the Activity 

IMaterlalt Needed: Technology Mind Walk-posting paper, tape, markers; Technology Timeline- 
butcher paper timeline marked from 1920 to 1990, tape, markers, three colors of 3" x 5" cards; Ten in- 
ventions That Changed Our Lives -sufficiont copies of Handouts 1 and 2, posting paper, tape, markers; 
all options -Transparencies A and B, overhead projector. 

Activity Objectives: Participants should be able to (1) list five ways in which STS interactions and Is- 
sues affect their own lives, (2) define the three components of STS -science, technology, and society, 
and (3) describe a rationale for STS education. 

Suggested Steps: 

1. Tell participants that the first step in planning for STS education is to begin thinking about a ra- 
tionale for including STS in the curriculum. You may want to use this introductory statement: A rationale 
reflects the "why** of the program. It includes statements about the nature of our students, our views of 
society, and our views of science and technology, it serves as a gukJe to the development of broad 
program goals, student learning outcomes, and content, it is also a gukJe to the way we work with stu- 
dents in the classroom. The rationale can be used to help explain the nature of the program to the 
public. This activity is designed to help us begin to think about why we should be teaching about 
science, technology, and society. (Note: if you have elected the Technology Timeline option, you will 
be having participants begin filling out their cards as they enter the room, but you should still give this 
introduction to the activity when all the participants have arrived.) 

2. Technology Mind Walk 

Ask each participant to write a list of ever /thing he/she has done since getting up this morning. You 
may clarify by giving some examples. After each participants has about ten Items listed, ask them to 
Identify the technologies associated with the various activities. Ask participants to share their ac- 
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tMlyAechnology pairs and brainstorm others. As with any brainstorming activity, do not quit when par- 
ticipants first "run down." Instead, ask some probing questions to get them started again. 

When the group has compiled a lengthy list, ask them if they can Identify scientific dis- 
coveries/breakthroughs that were necessary to make each technology possible. It Is not necessary to 
go through ten complete lists of technologies for this step: a sample of five or six items Is probably suf- 
ficient. 

Then ask the group what the list shows about the effects of technology on our lives. Have the 
group kJentify ways in which several of the technologies have affected society. Have most of the tech- 
nologies been helpful? Have some had harmful effects as well? What does this suggest about the Im- 
portance of studying STS? 

Point out that each technology with which participants have come Into contact today represents In- 
teractions among science, technology, and society. These interactions are at the heart of STS educa- 
tion. 

or 

2. Technology Timeline 

As participants enter the room where you will be holding the workshop, give them three notecards; 
each notecard should be a different color, instruct participants (you may want to write these Instruc- 
tions on posting ^per) to write on one notecard the first national or International news event they 
remember; on the second card, they should write the first issue In which they became involved political- 
ly; on the third card they should write the first new Invention they can remember wanting to own. They 
should write a year on each card and then tape their cards to the timeline you have posted In the room. 
Latecomers can complete their cards while you are making your introductory remarks. 

Allow time for participants to examine ail the cards on the timeline. Then discuss what the timeline 
shows, examining such questions as: 

• How many of the events people remember Involved science or technology^ Were science 
and technology more likely to be '>l9ments of the events of the younger participants? 
Through what technology dkJ they iea.n about the event? 

• What were the first new Inventions people remember wanting? Have all of these new tech- 
nologies had only positive effects or have they had negative effects as well (even though par- 
ticipants wanted them)? 

• How might answers for students be different? What does this say about how our society Is 
changing? 

Point out that nriany of the events people listed represent Interactions among science, technology, 
and society. These Interactions are at the heart of STS ed icatlon. 

or 

2. Ten Inventions That Changed Our Lives 

DIvkJe the group Into several smaller groups of three or four Distribute Handout 1 and allow ap- 
proximately 20 minutes for reading and discussion. Have groups post their responses to each question 
on a separate piece of posting paper. At the end of the discussion period, post all of the sheets for 
question 1 together, ail of the sheets tor question 2 together, and so on. Debrief by going over the post- 
ing sheets and allowing participants to expand on differences of opinion reflected there. 

Point out that the discussion highlighted Interactions among science, technology, and society. Tell 
participants that they will have a chance to graphically represent some of these Interactions by using 




Handout 2. Distribute the handout and aiiow about 5 minutes for individuai work. Rather than going 
over the webs in detaii. stress the complexity of the relationships that participants Identtfied. These 
complex interactions are the heart of STS education. 

3. Project Transparency A and discuss the definitions and diagram provided. You may wish to use 
this Information from the STS Framework in discussing the Interactions: 

Interaction: SCIENCE - > TECHNOLOGY. The knowledge generated by the scientific 
enterprise plays an important role in shaping technologies. Our technological limita- 
tions are more often products of limited knowledge than inadequacies in engineering 
skills. 

Intefactlon: SCIENCE - > SOCIETY. The knowledge generated by science influences 
individuai and collective action. Examples of this extremely obvious and infinitely 
powerful relationship abound. Consider, for example, the social consequences of the 
compass or gunpowder, in a more contemporary sense, the social consequences of 
advances in physics, biology, and health are evident. 

Interaction: TECHNOLOGY- > SCIENCE. New technologies shape the scientific 
enterprise, often determining the questions that are asked and the means that are 
employed In seeking answers. This often-overlooked or underestimated Interaction has 
grown to unanticipated proportions in recent decades. Just as Leeuwenhoek could not 
observe unicellular organisms until he developed sophisticated magnifying lenses, so 
scientists today are limited in their inquiries by the tools available to them. On the 
brighter side, we sometimes develop tools tf at expand our vision into undreamed-of 
domains-the use of computers for brain scanning being only one of the many recent 
and notable examples. For better or for worse, "pure science" Is becoming increasing- 
ly rare. While some scientists are still seeking knowledge for its own sake without 
regard to possible futu. applications, their work is seldom funded without an eye to fu- 
ture technologies. For example, today's basic research In cell biology is a direct result 
of concerns about cancer. Work on light Is supported by interests ranging from the 
medical applications of fiber optics to the military applications of laser weapons. 

Interaction: TECHNOLOGY- > SOCIETY. Technology has profound influences on 
how people act and interact locally, nationally, and globally. Perhaps the most 
misunderstood and maligned of all the interactions, this is pertiaps also the most 
visible and the most rapidly changing from the viewpoint of the average citizen. Care 
must be taken to avokJ one-sided, emotional Indictments when, for example, modern 
fertilizers are blamed for polluting the water while their contribution to Increased food 
production Is overlooked or discredited. Technology per se is neither friend nor foe- 
but positive and negative consequences are unavoidable. The challenge Is to an- 
ticipate both and then take steps to minimize undesired outcomes. Such choices fail 
within the decision-making purview of individuals (e.g., safe use of contraceptive tech- 
nologies), organized groups (e.g., citizens' action and lobby groups for environmental 
or consumer protection), and nations (e.g., the debate over nuclear weapons systems 
sent orbiting In space). 

Interaction: SOCIETY - > SCIENCE, individuai and collective opinion and action 
often determine how the course of scientific research will proceed. In any human sys- 
tem, the total available resources are always less than the total required to meet the 
needs and wants of ail the components of the system. Thus, much scientific research 
goes unfunded, because society believes some questions to be more Important than 
others. Often, a concern for possible future applications Is the arbiter, and promising 
areas of inquiry that could generate significant leaps in understanding lay idle and for- 
gotten. Public opinion also restrains research procedures. Examples include the action 
of the Cambridge City Council to ban recombinant DNA research in that municipality 



and the continuing efforts of animal protection groups to outlaw research on mam- 
mals, vertebrates, or ali animals. 

Interaction: SOCIETY- > TECHNOLOGY. Indlvlduals and groups of human beings 
make choices about what new technologies will be developed and how they will be 
employed. From the perspective of the average citizen, this interaction may appear 
magical if It exists at all. In fact, new technologies frequently seem to arise from 
nowhere -absent one day and mysteriously omnipresent the next. Only upon careful, 
detailed examination of histories, trends, and decision trails does it become possible to 
delineate the chain of human-controlled causes and effects that lead to the deceptively 
•'overnight*' appearance and widespread adoption of new technologies. 

What must be emphasized with students Is that, at every point along the way, people 
make decisions to create and disseminate new technologies. Scientists select a simple 
research area from the thousands available to them. Companies, government agen- 
cies, or both invest In engineering, development, and testing. Financial Institutions ar- 
range venture capital. Marketing specialists Wentify those most likely to buy, and adver- 
tising experts determine ways to persuade the potential buyer. Manufacturers deter- 
mine cost-effective production schemes. Distributors Wentify means of bringing 
products to the retail marketplace. Finally, consumers deckle whether, when, and how 
they will use new technologies. The decision of the user provWes the feedback that 
completes the system. This scheme of bringing consumer technologies to market dif- 
fers only slightly from the pattern employed to deliver large-scale technologies, most 
notably weapons and defense systems, for collective uses. 

Interaction: SCIENCE - > TECHNOLOGY- > SOCIETY. These Interactions may be 
either mutually reinforcing or mutually exclusive and may, furthermore, create desirable 
or undesirable outcomes seen as risks, benefits, gains, losses, advantages, or disad- 
vantages. The pattems of thought typically described by "cost-benefit analysis" and 
•*rlsk-benefit analysis" are no longer seen as complex, technical tools accessible to 
only a few. Seeking answers to such questions as "What do I have to gain?" and 
••What do I have to lose?" Is an activity of merit for every citizen and every student. 
The answers to these questions can be ascertained only through detailed study of 
situation-dependent Interactions between and among science, technology, and society. 

4. Ask participants to reflect on how what they have discussed in this activity informs the develop- 
ment of a rationale for STS education. Post their responses and save them for analysis later In the train- 
ing session. 

5. Project Transparency B and briefly go over the rationale it presents for STS education Be sure 
participants understand that they can develop their own rationales as they plan their program This Is 
merely a starting point for that process. 
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Handout 1 



THE CONSUMER HIT PARADE 

Dlractlont: Read the material that follcyvvs and discuss the accompanying questions In your group. 
Write the group's response to each question on a separate sheet of posting paper. 

In the October 6. 1986. Issue of A/ewsKvee/t. Robert J. Samuelson described the ten products or 
services that he believed had changed posi-war American society most profoundly, resulting In a 
"society of greater Individual choice and moMlty without many of history's wants and discomforts." 

Samuelson's list Included the following ten items: 

• Television: "TV has surely changed politics; It brought the Vietnam War Into living rooms. It's 
also expanded national culture . .." 

• Jet Travel: "It has shrunk the country." 

• The PHI: "Along with wori<lng women and better appliances -subverted old sex roles." 

• Air Conditioning: "It made the sun belt possible." 

• Automatic washers and dryers: "They revolutionized houseworlc." 

• Antibiotics: "Drastically reduced the threat to life of commonplaea Irjuries and Infections." 

• IHealth insurance: "it made health care an entitlement." 

• Long Distance: "it too has shrunic America." 

• Social Security and Pensions: They made retirement "an expected part of life." 

• Interstate highways: "They've shaped suburbia by attracting offices, malls, and Industrial 
parks, detemilning where we live. work, and shop." 

Samuelson's list did not include computers. He characterized computers as one of the products 
"that mainly sen/e business" and therefore "don't count." 

1. Explain why you agree or disagree with Samuelson's decision to omit computers from the list. 

2. What Items missing from Samuelson's llct do you feel should be Included? 

3. Which Items do you think he should have omltte:^'^ 

4. For each "Consumer Hit." Wentlfy one scientific discovery that lakJ the groundwork for the 
development of that Item. 

5. Pick one of the Items and list one positive and one negative effect that Item has had on society. 
Be pre|>ared to explain your examples. 
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Handout 2 



THE WEB OF SCIENCE, TECHNOLOGY, AND SOCIETY 

ZeJ oS 2a?i era^^ P'"' '^^""^^^ ^" °' ^"^^ are 





WHERE IS STS IN MY STUDENTS' LIVES? 



Background Notes 

In a rapidly changing and increasingly interdependent worid, educators are being forced to make 
critical and difficult decisions as to what should be taught to prepare students for the worid of today 
and the worid of tomorrow. The purpose of this activity is to let teachers worl< through their own 
thoughts as to what knowledge, skills, and attitudes their students will need to live successfully in the 
year 2000. 

Participants begin by completing a worksheet that asks them which of 1 1 forecasts for the year 
2000 they think will happen. They then work in small groups, using the worksheet list to generate lists of 
knowledge, skills, or attitudes neevJed to live successfully in the future. Follov^'ing the small- group ac- 
tivity, the participants assess whether the items are part of their own instructional program and com- 
pare them with the goals of STS. 

An alternative to this activity that would address the same objectives is "The Futures Wheel" (Les- 
son 4. STS: Model Lessons for Secondary Science Classes). You could adapt this lesson by having 
participants, when they have completed the futures wheels in their small groups, think about the 
knowledge or skills students will need to cope with all the consequences Identified on the wheels. 



Conducting the Activity 

Materials Needed: Sufficient copies of Handout 3; one copy of Transparency C and overhead projec- 
tor; newsprint, marking pens, and masking tape. 

Activity Objective: Participants should be able to (1) list important educational goals (knowledge, skills, 
and attitudes). (2) evaluate their program in terms of whether It is addressing those goals, arxJ (3) link 
the goals with those of science/technology/society education. 

Suggested Steps: 

1. Explain that while the last activity focused on importance of STS today, a rationale for STS also 
must consider future needs for students. Distribute Handout 3. Ask participants to complete the sun/ey 
by reading each statement and noting their responses in the columns on the right side of the page. 

2. When participants have completed the sun/ey. select four to six of the sun/ey items and asl< for a 
show of hands for the two responses. For those Items where disagreements occur, ask participants for 
their reasons for choosing one response or the other, thereby generating discussion on the Item. 

3. Following discussion of a few of the Items, ask participants to write down how old their students 
will be in the ysar 2000. Ask what they feel students will have to know, be able to do. and believe in 
order to successfully live in the year 2000. 

4. Divide participants into groups of four or five. Assign each group one of the major topics: 
knowledge, skills, or attitudes. Ask each^group to brainstorm a list of Items that they feel students will 
have to know. do. or believe In order to 'live successfully in the year 2000. Ask one participant in each 
group to list the responses on a piece of poster paper. 



Adapted from Teaching About the Future: Tools, Topics, Issues, by John D. Haas and others (Boulder. 
CO: Social Science Education Consortium. 1987). 
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5 l^ie brainstorms, ask each group to post Its responses and to read them to the rest of 

the group. Allow tor clarification questions: seel< additions to each of the three lists. 

6. A8l< participants to evaluate the lists in two ways: 

• Review each Item atid mari< It S (strong) or W (weak) to Indicate their own level of competen- 

• Review each Item and assign a Y (yes) or N (no) to Indicate whether the Item Is part of their 
teaching at present. 

7. Project Transparency C. which shows the components of STS. Ask partteipants to Indicate which 
»S"!jrJL 1 It. ^^9°^ ^ subsumed under sclencertechnology/soclety education. Conclude 
the acMylty with this quotation from the American Association for the Advancement of Science: The 
gap benween the public s understanding of science and technology and the requirements of citizenship 
in a partk:ipatory democracy will continue to wrtden." 



Handout 3 



FORECASTS FOR THE YEAR 2000 



Each statement below describes a possible condition In the year 2000. For p'^'^h statement, mark 
the right column Indicating whether you think It will or will not happen. 

Will Will Not 
Happen Happen 

1. The present U.S. population of 230 million will have Increased much 
more slowly than the population of the worid; U.S. population will not 
be more than 260 million. 



2. Population will have grown faster ihan the ability to produce food; 
in some parts of the worid, millions will be dying of hunger. 

3. American per capita income will have doubled from $10,500 in 1981 
to $21,000 (in 1981 dollars). 

4. Per capita income in the developing nations will have doubled 
from $300 to $600. 



5. Many of the countries that were still "developing" In the 1980s will 
have Industrialized. 



6. Air and water pollution levels throughout the worid will be high 
because nations Industrializing and modernizing agriculture could 
not afford pollution controls. 

7. Global reserves of many important nonrenewable natural 
resources such as petroleum, natUKil gas, aluminum, copper, 
lead, and tin will be almost exhausted. 



8. Nuclear power will be supplying at least one-half of U.S. energy 
requirements and will be expanding. 

9. Several serious accklents involving radioactive contamination of the 
surrounding areas will have occurred at nuclear power stations. 

10. Almost all nations will possess nuclear weapons. 

11. We will routinely receive television broadcasts from most countries 
of the worid via satellite. 
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4. FITTING STS INTO THE CURRICULUM 



General training objectives addressed by the activities In this chapter Include: 

• To help participants identify goals for Infusing STS Into the curriculum. 

• To Identify llnl<s between STS content. sl<Hls. and attitudes and current cunlculum. 

• To help participants become skilled at evaluating STS materiais and lessons. 

• To demonstrate the range of teaching strategies that can be used In STS. 

• To teach participants a process for developing STS lessons or units. 



WHERE DOES STS FIT IN THE CURRICULUM? 



Background Notes 



STS car: be Implemented In at least three ways; 

• STS topics or themes can be Infused Into existing lessons or units, enriching study of topics 
that are already covered by looking at them through a new prism. 

• Separate STS lessons or units can be developed for use In existing courses. Something must 
be removed In c>rder fr ree time foi the lesson, but once again, the structure of the course- 
while expanded -remains essentially unchanged. 

• A separate STS course with unique objectives and content can be added to the curriculum. 
Such a course may reside within the science or social studies program or may be Interdis- 
ciplinary, drawing on both science and social studies teachers. 

This training activity focuses on the first two options. The third option Is addressed In *he next 
chapter, although providing training on all the steps In the process of developing an entirely new course 
Is beyond the scope of this training manual. 

When confrcTted with a new content area to be Included In the curriculum, teachers often wonder 
where It will "fit" and how they wHI find time to address it. This training activity Is designee" to^ allay 
losrhers' mlsgMngs about STS by demonstrating that the cun-ent cunlculum has many "hooks" that 
provkle natural entrees for STS topics and themes. 

The activity begins with a brief "grabber" activity that represents the least demanding way of Incor- 
porating STS Issues Into the cu.rlculum. Participants then work In pairs to analyze iessons they cun-ent- 
iy teach. The activity concludes with a curriculum-mapping activity designed to more specifically Identify 
units In each teacher's class that could be given an STS focus. 



Conducting the Activity 

Materials Needed: Copies of Handouts 4, 5, 6, and 7 for all participants; a few copies of Handouts 8 
and 9; transparency D and overhead projector; poster paper, tape, markers; if possible, a selection of 
the science and/or social studies texts used In the district would be helpful (you may want to ask par- 
ttelpants to bring the texts they are using). 

Activity Objectives: Participants should be able to (1) suggest a way to use the "short takes" strategy 
to Infuse an STS element Into one of their own lessons, (2) Wentify at least two STS Issues that could 
be covered In each science and/or social studies course In their run-lcula, and (3) Identify STS Issues 
that could be covered In the Instructional units "?ey teach. 

Suggested Step-/; 

1. If you did the activity, "Where Is STS In My Students' Lives?", participants have already had the 
opportunity to Identify some links between the cun-lculum and STS objectives. Explain that this activity 
will do 80 In more detaH, making connections between specific STS topics and specific science and/or 
social studies courses. 

2 Give each participant a copy of Handout 4. Ask participants to pair up and compare answers. 
For each statement where the positions differ, participants must try to convince tl.air partners to 
change. Discussion Is lo continue until the pair Is In agreement on as many items as possible. As pairs 
reach agreement, they should Join with other pairs and repeat the discussion process with the new 
groups of four. Allow the douollng up and discussion to continue for about 10 minutes. 



25 



.1 ?^ ,1 together. Go through the Kerns one at a time to gauge participants' posi- 

tions. Ask individual participants to explain their reasoning for each Item. How do these issues and 
positions reflect/affect our society? What are the "right" answers? 

4. Explain that this activity is designed both to mal<e students aware of a variety of STS issues and 
to seive as an introduction to more in-depth coverage of particular issues. Allow participants time to 
telk about how they might use such an activity (the list of Issues can. of course, be revised and 
lengthened) in their classes. 

5. Point out that brief "grabber" activities designed to heighten student awareness of STS issues are 

^ '"'"^'"9 ^"""^ curriculum. Explain that another approach to aware- 

rwss-bullding is the "short takes" teaching strategy developed by Richard Brinckerhoff. a science 
teacher at Phillips Exeter Academy in New Hampshire. Br:nckerhoff uses short Items that stimulate dis- 
cussion of the societal or ethical consequences of a scientific principle or law to focus attention on the 
effects of scientific and techndogteal developments. "Short takes" can bi> challenging questions 
analogies or examples of disagreements among experts in the same field presented to students to 
provoke thought and brief class-opening or -ending discussions. Some examples are given in Lesson 1 
In both volumes of modei lessons. 

Not«: Some participants may point out that a "short takes approach is inherently superflcial. You 
should not attempt to argue with them, for such an approach does indeed give students an awareness 
of a potpourri of issues rather than in-depth understanding. Emphcsize, ..owever, that If a teacher is un- 
able or unwHIing to do more, this approach will at least Increase awareness and pertiaps motivate stu- 
dents to pursue issues further. muuvaio »iu 

- S'^?'" gathering materials for use as "short takes" or "reaction statements" or in thinking 
about Infusing complete lessons or units into the curriculum, it is helpful to organize Information ac- 
cording to STS issues. Project Transparency D. explaining that It shows one list of STS issues 
developed by a leading science ed-jcator. WhMe there are others as well, this fist can serve as a starting 
point for planning. Leave the list on display as participants wort< through the remainder of the activity. 

7. Distribute Handout 5. explaining that participants are to wori< in pairs, interviewing each other 
about ways in which STS issues could be infused into a current unit each participant is teaching For 
this actMty. you may allow random pairing, pair teachers of the same course, or pair science and so- 
cial studies f^achfi/s at the same grade level. Allow about 15 minutes for the interviews, announcing half 
way throur „ that the first interview should be completed so the second can begin. Circulate from pair 
to pair suggesting .„5SonAoplc ideas from the model lesson volumes If participants are having difficulty 
generating ideas. 

8. Depending on the size of the group, you may want to have all pairs report or you may ask for a 
few volunteers. Be sure that the interviever reports on the interviewee's Ideas; this allows the debriefing 
to proceed more rapidly. Ask participants whether they had difficulty generating kieas. Does this ex- 
perience suggest that STS can be infused without great difficulty? by enriching rather than supplantina 
other important content? 

9. Tell participants they ill now do a systematic curriculum mapping activity to help plan for in- 
fusion. If you are working with a group of only social studies or science teachers, you can conduct this 
as a whole-group activity, with yourself acting as the facilitator/poster, if your group includes teachers 
of both discipline areas, the science teachers should work in a group and the social studies teachers 
should work in a group, if your group includes teachers from several districts, they should work in dis- 
trict teams. 

Distribute Handout 6 and go over the directions with the group. Allow about 10 minutes for comple- 
tion. In a mixed group, science and social studies teachers should share their results at the end of the 
wori< period so that each group ieams about the other discipline's curriculum pattern, if your group has 
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teachers from only one discipline and you have Information on the curriculum pattern for the other dis- 
cipline, share that Infomnatlon with the group. 

10 The next step Is to complete a more specific grade-level mapping. Have the group divide by 
grade ievel If teachers teach more than one course, they should plcl< the one they teach the most sec- 
tkxis of or are most personally committed to. However, you should try to have each curriculum offering 
represented At first, social studies teachers and science teachers may worl< separately, but they should 
share their findings within their grade level groups. Use Handout 7 for this tasl<. which will tal<e 20-40 
minutes to complete. Textbooks and curriciHum guides used in the district would be useful at this stage 
In the activity, if groups are having difficulty, you may wish to give them copies of the matrices of les- 
sons from the model lesson volumes (Handouts 8 and 9). 

Nol«' For your convenience in answering inquiries from participants, ordering Information on all the 
publications from the "Building Support Networi<s for Science/Technology/Society Education project Is 
provided at the end of this bool<. 

11 When the groups have completely fHled out their handouts, post and discuss the resulte. Three 
things you may wish to focus on in the discussion are: (1) places where the issues that fit well In 
science and soctel studies classes at the same grade level are the same, thus providing an opportunity 
for Interdisciplinary cooperation. (2) cases where an Issue fits into only one or two courses and there 
fore may need to receive greater emphasis there, and (3) cases where the same issue fits well in con- 
secutive social studies or science classes so that cross-grade planning could provide for ever-deepen- 
ing understanding of the Issue as students proceed through the grades. 

12. When the discussion is concluded, antinge to duplicate the complete handouts for the fHes of 
aH participants. 
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Handout 4 



REACTION STATEMENTS WORKSHEET 

Check whether you agree or disagree with each of the following statements. Think carefully about 
why you feel the way you do. When you have finished, find another participant who has finished and 
compare answers. Discuss your answers and try to reach agreement on each of the items. Try to con- 
vince your partner of the correctness of your own position, but also listen carefully to your partner's 
kJeas. 

Agree Disagree 

1 . The United States should develop a supersonic transport plane (SST) to 

compete with the Soviets and the Europeans, whose SSTs are now In 
commercial use. 

2. High school football, power mowers, and mountain dlmblng take more 

lives ^ach year than nuclear power plants. Therefore, they should be abollsiied 
before nuclear power plants are. 

3. Ti>e rich coal beds that underlie some of the most fertile wheat-growing land 

in the American west should be strip mined. 

4. fi^embers of Congress should be required to show that they have had (and 

passed) some high-school-level science courses before they take office. 
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Handout 5 



INFUSION INTERVIEW 



DIrMtlom: In this activity, you and a partner will Interview each other aljout Infusion opportunities In 
the units you are currently teaching (or a favorite unit). Take a minute to read through the questions 
and think about your own responses to them. Then begin the Interviews. You will have about 15 
minutes to complete the task. When you are done, you should be prepared to report on your partner's 
rosponsos. 

1 . What Is the major topic of your current unit? 



Are any of the issues on Transparency D covered In your unit? If so. how? If not. could one be re- 
lated to the content of the unit? Describe how this could be done. 



Can you think of a provocative question, analogy, or other "short take" type 3f material that could 
be used to introduce or conclude a lesson in your unit? Please describe It. 



4. Does your current unit include any lessons that draw student attention to the science-techndogv- 
society interactions? Remember, these are; 



SCIENCE 




SOCIETY I TECHNOLOGY 



5. How might you adapt a lesson from your unit to develop student understanding of an additional In- 
teraction? 
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Handout 6 

MAPPING THE CURRICULUM 

Directions: In the second column below, list the course or courses In your currlc;jlum area offered In 
your district or school. Then for each course, list at least two STS Issues that could be infused into that 
course. 

Science 



Grade Level 


Course(s) Offered 


STS Issues for Infusion 


7 






8 




^ 


9 






10 






11 






12 
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Social Studies 



urade Level 


Course(s) Offered 


STS Issues for Infusion 


f 






8 






r% 

9 






10 












12 







'J 
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Handout 7 



PLANNING FOR INFUSION 

Dirtctions: Fill In the name of your course t)elow. Then list the major units taught In the course. For 
each unit, try to generate one idea for Infusing an STS Issue, topic, or Interaction Into the unit. Worl< 
with other teachers at the same grade level. 

Course. 



Units (Be Specific) 


STS Infusion Ideas 
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Units (Be Specific) 


STS Infusion Ideas 


















• 
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Handout 8 



MATRIX OF LESSONS IN MODEL LESSONS FOR SECONDARY 
SOCIAL STUDIES CUSSES 



World 

STS Goog- U.S. World Govern- Eco- Sociology/ Current 

Lesson 't'^ue raphy History History Civics ment nomics Psychology Events 



1. Short Takes Adaptable toXXXXXXX X 



2. Mobiles in the any Issue 



Oassroom 


X 


X 


X 


X 


X 


X 


X 


X 


3. STS Scavenger 

Hunt 


X 


X 


X 


X 


X 


X 


X 


X 


4. The Technology 
Tree 


X 


X 


X 


X 


X 


X 


X 


X 


5. Knowledge, Skills, 
and Attitudes for 
the Year 2000 


X 


X 


X 


X 


X 


X 


X 


X 


6 Reaction 
Statements 
Warm-Up 


X 


X 


X 


X 


X 


X 


X 


X 


7. Trivialized 
Technology 




X 








X 


X 


X 


8. Science and Tech- 
nology In the News 


X 


X 


X 


X 


X 


X 


X 


X 


9. STS in My Ufe 


X 


X 


X 


X 


X 


X 


X 


X 


10 Ten Inventions That 
Changed Our Lives 


X 


X 


X 


X 


X 


X 


X 


X 


11. Bumper Sticker n 
Position Statements 


X 


X 


X 


X 


X 


X 


X 


X 



12. World Popula- Population 

tlon Growth growth XX XX 



13. Energy Popul.^tlon 
Production and growth and 

Population energy X X 



X 



Wbrld 



Utton 


STS 
Issue 


Geog- 
raphy 


U.S. 
History 


Wbrld 
History 


Civics 


Govern- 
ment 


Eco- 
nomics 


Sociology/ 
Psychology 


Current 
Events 


14. Rth Kill In 
FVvtrwood 


Water 
resources 








X 


X 


X 




X 


15. Solving tht 
Probl«mt of tht 

World 


Food resources. 

population 

growth 


X 














X 


16. K't a Naturtt! 


Food resources 












X 




X 


17. Furrows to the 
Future 


Food resources 


X 


X 


X 












18. People and 
Machines 


Food resources, 
technology and 
the economy 


X 


X 








X 


X 




19. Doing Some- 
thing About the 
Weather 


Air quality 
and atmosphere 




X 




X 


X 






X 


20. Simulating the 
Strategic 
L^nse 
Initiative 


War 

technology 




X 






X 






X 


21. The Stffectsof 
Individual Actions 
on Technology 
and Society 


War 

technology 




X 


X 




X 








22. QMng Up the 
Qun 


War 

technology 






X 












23. Renewable 
Energy and the 
American Age of 

wood 


Energy 
shortages 




X 








X 






24. Energy 
Milestones 


Energy 
shoilages 




X 








X 






25. Preparing 
bnvlronmental 

Statements 


LJind use 


X 






X 




X 






26. The Freeway 
Planning Qame 


LJind use 


X 






X 


X 


X 
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Leston 



STS 

iMUt 



Geog- US World Govern- Eco- Sociology/ Current 

raphy History History Civics ment nonr^lcs Psychology Events 



27. The Organ 
Hunter 


Hunnan health 
and disease 










X 






X 


28. Warning Future Hazardous 
Generations substances, 

nuclear reactors 


X 








X 






X 


29. The Environ- 
ment and 
Participatory 
Democracy 


Environmental 
protection 








X 


X 






X 


A Resource- 
jse Warm-Up 


Mineral 
resources 


X 


X 








X 






31, The Ocean 
Resources Game 


Mineral 
resources 


X 








X 






X 


32. God and the 
Alarm Clock 


Technology and 
change 






X 












33. A Social History Technology and 

Approach: change 

Machine and 

Social Change 

In Industrial 

America 




X 








X 


X 




34. Technology 
and Transporta> 
tion 


Technology and 
change 




X 






X 


X 






35. Science. 
Technology, and 
the Constitution 


Government 




X 




X 


X 








36. The Structure 
of Scientific 
Revolutions 


Scientific 
Inquiry 




X 


X 








X 






Handout 9 



MATRIX OF LESSONS IN MODEL LESSONS FOR SECONDARY 

SCIENCE CLASSES 



Lesson 



STS 
Issue 



, Envlron- 

LJfe Earth Physical General rnental 

Science Science Science .Science Biology Ecology Studies Chemistry Physics 



1 . Short Takes Adaptable to 



2. Technology any issue 



M:nd Walk 


X 


X 


X 


X 


X 


X 


X 


X 


X 


3. Technology 
Timeline 


X 


X 


X 


X 


X 


X 


X 


X 


X 


4. The Futures 
Wheel 


X 


y 

A 


y 
A 


X 


X 


X 


X 


A 


X 


5. Qiobat and 
Local issues 


V 
A 


A 


V 
A 


X 


X 


X 


X 


X 


X 


6 Determining 
Priorities 


X 


X 


X 


X 


X 


X 


X 


X 


X 


7. Technology and 
Advertising 


X 


X 


X 


X 


X 


X 


X 


X 


X 


8. Science and Tech- 
nology in the News 


X 


X 


X 


X 


X 


X 


X 


X 


X 


9. STS In My Ufe 


X 


X 


X 


X 


X 


X 


X 


X 


X 


10. Ten Inventions That 
Changed Our Lives 


X 


X 


X 


X 


X 


X 


X 


X 


X 


11. Bumper Sticker > 
Position Statements 


X 


X 


X 


X 


X 


X 


X 


X 


X 



12. Population Population 
Control: Where growth 
Do You Stand? 



13. Groundwater Water 
Rights resources 



14. Food Additives Food resources 
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Environ- 



Utton 


STS 
Issue 


Ufe 

Science 


Earth 
Science 


Physical 
Science 


General 
Science 


Biology 


Ecology 


mental 
Studies 


Chemistry 


Physics 


15. Environmental 

Impact 

Statements 


Air quality 
and atmosphere 










X 


X 


X 






16. What Would 
You Do If .7 


Air quality, 
energy 


X 




X 


X 


X 


X 


X 






17. Collecting 
Polnta of (pH)lew 


Air quality 


X 


X 


X 




X 


X 


X 






18. Th« Biological 
Effects of a 
Nuclear 
Explosion 


War 

technology 








X 


X 






X 


X 


19. Energy 
Sources 


Energy shortages 






X 


X 






X 




X 


20. Energy 
Sources in the 
Good Old Days 


Energy shortages 






X 


X 






X 


X 


X 


21. Life Without 
Petroleum 


Energy shortages 


X 


X 


X 


X 


X 


X 


X 


X 


X 


22. Land Use 


Land use 


X 


X 




X 


X 




X 






23. The Artificial 
Heart: A 
Technological 
Alternative 


Human health 
and disease 

control 








X 


X 










24. The E eflts 
of Technology: 
Conquering 
Disease 


Human health 
and disease 

control 










X 






X 




25. Genetic 
Screening 


Human health 
and Disease 

control 








X 


X 










26. The Pine 
Beetle 

Controversy 


Hazardous 
substances 








X 


X 




X 


X 




27. Pesticides: A 
Qiobal Pr'^blem 


Hazardous 
substances 










X 




X 


X 
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Litton 


STS 
Itsue 


Uf^ 

Science 


Earth 
Science 


Physical 
Science 


General 
Science 


Biology 


Ecology 


Environ- 
mental 
Studies 


Chemistry 


Physk 


28. B^odtgradabie 
and Nonbio- 
dtgradablt 


Hazardous 
substances 


X 


X 


X 


X 


X 


X 


X 






;.9. Lf ttart to thf 

City Council 


Hazardous 
substances 


X 


X 


X 


X 


X 


X 


X 


X 


X 


30. Ecology ano 
the Govfnment 


Extinction of 
plants and 
animals 




X 




X 


X 


X 


X 






31. Forttt 
Products All 
Around Ut 


Extinction of 
plants rnd 
animals 










X 




X 






32. Nudf ar 
Ent rgy: RIskt 
Involvtd in a 
Ntw Technology 


Nuclear 
reactors 














X 


X 


X 


33. Can We 
Continue to Use 
Things Up? 


Mineral 
resources 












X 


X 


X 


X 


34. 5^il 
Deterioration 


iS^ineral 

IV9VUI VV9 




X 




X 


X 


X 


X 






35. Scientific 
Experimentation 
with Animals 


Ethics 








X 


X 






X 
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HOW CAN WE SELECT GOOD bTS MATERIALS? 



Background Notes 

Evaluation of curriculum materials should take place after teachers and other concerned profes- 
sionals and community members have established a clear rationale for the inclusion of STS In the 
school program. This being done, goals for the program should also be delineated and clarified, and 
the process of selecting curricula can begin. 

Many factors must be considered In choosing curriculum materials. These Include relationships to 
the program object, yes and rationale, potential student Interest, age appropriateness, opportunities for 
teacher requirements, bias, and cost. As teachers and district coordinators begin to consider materials, 
they will doubtloss find some that meet many, but often not all, of these criteria. Decisions will ultlms^ ily 
have to be made tal<lng this Into account. 

The selection committee should Include teachers, social studies and science coordinators, ad- 
ministrators, and Interested community members (Including parents). A representative, though not un- 
wleldly, group should be formed. Each of the group members should be instructed In the materials 
analysis system and be familiar with the course or district rationale for education about STS. A 
workshop of two to three hours will be needed to teach the use of the system; considerable analysis 
time will be required aft*)r that. 



Conducting the Activity 

Materials Needed: Posting paper, marl<lng pens, masking tape, blanl< analysis forms (Handout 10), and 
sample curriculum materials. 

Activity Objective: Participants should be able to (1) determine district or school criteria for selecting 
STS materials, (2) identify available materials that meet district criteria, and (3) analyze materials using 
specific agreed-upon criteria. 

Suggested Steps: 

1. Explain the purpose of the workshop and begin by asking participants to brainstorm. In small 
groups, all the criteria ihey believe are Important In selecting cu'^^^culum materials for use In an STS 
program. Ideas might Include: 

• Content having Immediate utility fc students 

• Opportunities for higher level thinking 

• Student activity focus 

• Emphasis on Inquiry methods 

• Variety of Instructional methods 

• Opportunities for Interdisciplinary study 

• Valuing acti • es at each grade Tevel 

• Age appropriateness 

• Creative thinking and problem-solving activltla^s 

The list should reflect program goals and rationale, as well as teacher, school, community, and stu- 
dent needs. These items provide the overall criteria with which to examine curriculum materials. 
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2. Give each small group a piece or two of curriculum to examine. From this cursory examination, 
each group should list from three to five of the most distinctive characteristics of its sample materials. 
Post the lists when groups have finished and discuss commonalities and differences that are evident In 
the lists. Can logical categories of characteristics be generated? 

3. Distribute copies of the STS Materials Analysis ^orm (Handout 10) and review it with the par- 
ticipants. Explain that the information about sample materials will be recorded on this form, and that the 
forms will be used later as the basis for making decisions regarding selection and adoption of materials. 
Point out that the forrr<s include criteria related to general soundness of the nnaterials, as well as criteria 
related specifically to STS content, skills, and attitudes. If you wish to *ocus primarily on the STS 
criteiia, analysts may look only at questions 3 and 4. 

4. Ask small groups to spend 20-30 mini'tes using the fomi with a sample piece of curriculum. As- 
semble all of the pa;:iclpants and discuss any problems that arose. Note the Importanco of responding 
to the final questions that summarize the work of the analyst. 

5. Several guMellnes for making best use of this cun^lculum materials analysis system ar^: 

• Any piece of curriculum should be analyzed by at least two persons -preferably three- 
working separately. 

• Any supplemental materials (such as student workbooks, readings, or handouts) should be 
analyzed. 

• Analysis fornis should be kept for future reference and as documentation that a structured 
process for curriculum selection was undertaken. 

• Local issues and concems shi>uld be kept In mind as materials are evaluated and discussed. 

6. After members of the committee are Instructed in the process of using the curriculum materials 
analysis system, they should begin to look at sample curriculum materials. At this stage, few value judg- 
ments regarding the materials should be made. The task Is to see whether or not certain elements are 
Included In the materials. The debate over what elements should be included either has already taken 
place in the formation of the rationale and objectives or will take place at the time when actual selec- 
tions are to te made. 

It Is worth mentioning that the form to be used Is designed for print materials, but can work well 
with nonprint items as well. It can also be used to evaluate Indlvklual lessons being consklered by a 
teacher. 

One final caution Involves the numerous STS materials available from private corporations. Som^ of 
these materials are exemplary while others are quite biased. Consequently, reviewers should be advised 
that especially careful analysis of such materials Is In order. 

7. When all analyses are completed, final selection can take place either by an Indivklual or, on thp 
basis of the analyses, by the committee. 

Notes: 

1. The form presented here is an adaptation of one preser^ted In James E. Davis, editor. Planning a 
Social Studies Program: Activities, Guidelines, and Resources (Boulder. CO: Social Science Education 
Consortium. 1983); a longer version of the unadapted form Is available In that resource. The short fornn 
was adapted to reflect the criteri^^ for STS developed by Faith Hickman. John J. Patrick, and Rodger 
W. B>/bee, In Science/Technology .'Society: A Framework fnf Curriculum Reform in Secondary School 
Science and Social Studies (Boulder. CO: Social Science Education Consortium. 1987). 
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Handout 10 



&TS MATERIALS ANALYSIS FORM 



This analysis system was designed to assist those Involved In assessing materials appropriate for 
the district STS program. Ratings on the criteria listed are as follows: 1-Does not meet criterion; 2-Par- 
tially meets criterion; 3-Mostly meets criterion; 4-Fu!ly meets criterion; N/A-Crlterion not applicable for 
grade level. 

Name of Analyst 

Materials Title 

Publisher 



Copyright Date 



Grade Level (according to publisher) 
1. Readability of Student Materials 
a. Publisher's assessment 



b. Analyst's assessment (see Attachment A) 

I I Appropriate for ( | Too difficult 

Intended grade level 



2. Format of Materials 

a. Are the matek.als attractive to students? 

b. Are the materials (i.e., bindings, paper gov ts) Oiiiouie? 

c. Is the print clear and easy to read? 

d. Are the photographs and other llltistratlois attractive and 
well-produced? 

e. Are the lllustrationp germane to the text? 

f. Are lnstrL:ctional aids (advance organizers, rev/^cw 
questions, extending activities) built into the student 
materials? 

g. Does the material include essential end of-book aids 
(bibliography, index, glossary)? 

3. Rationale and Objectives 

a Does the material's rationale match the district rationale? 

b. Do the material's knowledge objectives match district 
knowledge objectives? 



I ^ Not r a'lenglng enough 
1 2 3 4 N/A 
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c. Do the material'^ skill objectives match district skill objec- 
tives? 

d. Do the material's attitude objectives m£:!ch district 
attitude objectives? 

Conf^nt 

a. Knowledge 

(1) Is the topic one for which studenn show Interest and 
enthusiasm? 

(2) Is the topic directly applicable to the lives of learners 
nov/? 

(3) Is the topic Important in the worid today and Is it likely 
to remain Important for a significant portion of 
students* adult lifetimes? 

(4) Does the material emphasize knowledge of major con- 
cepts In science and technology? 

(5) Does the material emphasize kno wledge of major con- 
cepts ir history and the social sciences? 

(6) Does the material treat interrelationships of science 
and technology in a social context? 

(7) Does the material emphasize uses, limits, possibilities, 
and variable social consequences of scientific and 
technological endeavors In the oast and present, na- 
tionally and globally? 

(8) Does the materia examine past and present public is- 
sues, in national and global perspectives, associated 
with human effects o* science and technology? 

b. Skills 

(1) Does the nfwterial emphasize development of cognitive 
process skills involved in scientific/technologicai in- 
quiry (e.g., asking researchable questions, formulating 
hypotheses, designing and carrying out experiments, 
observing, measuring, inferring)? 

(2) Does the material emphasize development of cognitive 
process skills involved in civic decision making (e.g., 
identifying a problem, identifying alternative courses of 
action, identifying costs and benefits of various alterna- 
tives, choosing a course of action)? 



c. AttKudes 



(1) Does the material fostir appreciation of science and 
technology as worthwhiie hunoan endeavors? 

(2) Does the materiai develop understanding of an intel- 
ligent commitment to values, attitudes, and assump- 
tions associated with products, processes, and per- 
sons of science-the knowledge produced by scien- 
tists, the methods used by scientists, and the in- 
dividuals engaged In scientific Inquiry? 

(3) Does the material develop understanding of an intel- 
ligent commitment lo values, attitudes, and assump- 
tions of a democratic or free society? 

(4) Does .^e material emphasize the critical importance of 
ethical questions about the limits and possibilities of 
science/technology in society? 

(5) Does the materiai develop conrwnltment to rational 
consldeiation of Issues related to applications of 
science and technology !n society? 

(6) Does the materiai teach values and attitudes of 
science and democracy in combination with 
knowledge and cognitive process skiiie that are 
central to studies of scienceAechnolgy/soclety? 

d. Are the materials free of bias (religious, sex, poilticai, 
ethnic)? 

5. Instructional Cnaracteristics 

a Do the materials provide for a variety of learning activities? 

b. Do the activities take into account students' cognitive 
development and social maturity? 

c. Are primary source materials anu field experiences 
employed? 

d. Do the materials use direct o>' didactic teaching as a 
means to introduce skills? 

e. Do the materials provkJe continual practice to direct 
students' use of cognitive process skills, to correct mis- 
takes Immediately and constructively, to reinforce 
desirable performance, and to enhance learning? 

f. Do the matei'ais emphasize practice of skills with recogni- 
tion of how they are part of a larger process? 



g. Do the materials provide opportunities for transferring 
skills to new contexts? 

h. Do the materials guide and stimulate students to think 
about resolution of problems and take stands on Issues? 

6. Teacher Materials 

a. Are the matenais easy to use? 

b. Is preparation time reasonable? 

c. Are the materials well organized? 

d. Are the materials complete? 

e. Are evaluation procedures or tools provkJed? 

f. Do the materials provkiu obvious entry points to core 
science/social studios courses? (If being Infused) 



7. Distinguisriing Characteristics 



8. Oveiall Evaluative Comments 
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HOW CAN WE DEVELOP GOOD STS LESSONS OR UNITS? 



Background Notes 

Many teachers may find it difficult to locate niaterlals on the particular STS Issues or concepts they 
have decided to teach. Others niay not be ready to Invest any of their niaterials budget In STS 
nrmteriais-or may have no budget for such purchases. Thus, the ability to locate usable material In the 
popular media and develop lessons around that material will be a necessary sl<lil In fitting STS Into the 
cunlculum. This activity alms to help participants begin developing that slclll. 

The activity opens with a search through magazines and newspapers for STS items, which par- 
ticipants then analyze as to their content and relationship to the curriculum. Then participants use a 
worl<sheet to outline lessons based on the material. 

Two supplements to the activity can w > used at the facilitator's discretion. Because a vertical file on 
STS Issues can be a great akJ to teachers, we Include (as Handout 15) an activity that Involves students 
In the development of such a fHe. Second, because achieving the varied goals of STS education re- 
quires the use of a variety of teaching strategies that motivate and involve students, we have Included 
guidelines on various teaching strategies In Appendix B. These may be distributed to participants as 
take-home materials, be discussed as a large- or small-group activity, or be available as resources In 
the lesson development portion of the training activity. Although some teachers may be conversant with 
a' I these strategies, others may need encouragement to incorporate them Into STS lesson plans. The 
t.alner can determine whether use of the Appendix B materials Is appropriate based on his/her 
Icnowtedge of the audience. 



Conducting the Activity 

Materialt Needed: Copies of IHandouts 11, 12, 13, and 14; Transparencies A, D, E, F, and G; overhead 
projector; posting paper, markers, tape; collection of current newsmagazines, newspapers, and 
textbooks; copies of Handout 15 and materials from Appendix B (optional). 

Activity Objectives: Participants should be able to (1) Mentify material covering STS topics In the 
popular media, (2) evaluate the appropriateness of the content presented in such materials, and (3) 
develop a lesson plan around klentified materials. 

Suggested Steps: 

1. Discuss briefly the fact that teachers may not be able to find or afford published curriculum 
materials on the STS concepts and issues they want to cover in their courses. Thus, the ability to 
develop lessons based on other materials will be important. Luckily, such materials are easy to find In 
the popular media. 

2. Distribute copies of IHandout 1 1 and magazines or newspapers to each pair of participants. Have 
pairs go through the magazines or newspapiirs until they locate an item that covers STS content. They 
should analyze the content of the item usirg the questions on the handout. You may want to have 
Transparencies A, D, and E and an overhead projector available so that participants can review the 
concepts, issues, and interactions discussed in eariier activities. Allow ibout 20 minutes for completion 
of this task. 

3. Ask the pairs what ^opics they found. Post the topics. What trends do they see? How difficult was 
It to find topics? What important issues were not covered? What kinds of sources might have infomia- 
tion on these Issues? This is an appropriate time to point out the utility of developing a vertical file on 
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STS Issues; working with the building media specialist is recommended to prevent duplication of 
teachers' efforts. If you wish, you may distribute Handout 15, which provides directions for a lesson In 
which students hdip develop the vertical file. 

4. Then ask each pair to report briefly to the group on the analysis of their item -describing the In- 
teractton that Is stressed and any concepts that could be di> /eloped using the item and kJentlfyIng 
where In the cunlculum the item might fit. Allow time for brainstorming of additional connections be- 
tween the items found and existing courses. Post these lists as well. 

5. Distribute copies of Handout \2 and go over the lesson-development process it presents step by 
step. In discussing the development of knowledge, skill, and attitude objectives, go over the list of STS 
skHls (Transparency F) and (he guidelines for education on values and attitudes In STS (Transparency 
G). Participants might also find the list of action verbs for Instructional objectives (Handout 12) helpful. 

In disci'ssing selection of strategies, urge teachers to vary from the traditional readlng/iecture/dls- 
cusslon mode. You may want to post the list of strategies covered In Appendix B on a posting sheet 
and ask teachers to choose from this list In developing their lessons; you might even assign a particular 
strategy to each participant pair. Depending on the group with which you are working and the time 
available, you ntay wish to go over some of the material presented In Appendix B or make copies of the 
noaterlal available to pairs as they work. 

Stress the Importance of planning how a lesson will be debriefed -how students will be helped to 
draw fHJt the major ideas from the lesson and make connections between those kleas and what they 
have learned previously. The list of questions on Handout 14 Is provWed not as a prescriptive list, but 
as a starting point for generating debriefing questions. It can be distributed to participants at this time if 
you wish. Note that none of the questions on the list can be answered with a one^ord response. All re- 
quire thought and have more than one correct response. 

WhHe teachers need net spend a great deal of time on evaluation In this activity (evaluation Is 
treated more fully lii Chapter 6), thinking about possible ways of evaluating an activity provides a check 
on whether the objectives are specific enough, 

6, When you have gone over the handout and answered any questions, have the pairs work 
together again, planning a lesson on the item they analyzed In Handout 11, Allow about 30 minutes for 
the pairs to work on their lesson plans, 

7, Bring the group to order. Ask each pair to identify the skills and attitudes they targeted, as well 
as the teaching strategy they decided to use. What kinds of debriefing questions dW they develop? 
Allow consMerable time for sharing before discussing how well the process worked for participants and 
soliciting any suggestions for adapting the process, 

a Conclude the activity by asking participants to bralnstonn how they can share Information from 
this activity with other members of their district, school, or department and how teachers might 
cooperate with llbrarlans/medla specialists In building STS vertical files for teacher use In lesson 
development and student use In conducting research. Post the responses. 
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Handout 1 1 



ANALYZING STS INFORMATION FROM THE . .EDIA 

Directions: Work with a partner. Look through magazines and newspapers until you find an item that 
covers an STS topic or Issue. Read the item and answer the following que:!'ons about It. 

1 . What STS Issue or topic does this item cover? . 

2. A'e all three elements of STS -science, technology, a*xl society -embodied In this item? 

3. Which STS Interaction Is stressed? , 

4. What STS concepts could be developed using this item? 



5. Is the content directly applicable to the lives ot the learners both now and In the future? 

6. Is the topic Important In the world today and Is it likely to remain Important for a significant portion 
of the students' adult lifetimes? 



7. Is the topic one In which students show an Interest? 

8. In what courses would this topic fit? 



9. Is the topic appropriate for the maturity level and cognitive development of students in those cour- 
ses? 



10. Based on this analysis. Is the item appropriate for use as the centerpiece of an STS lesson? 
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Handout 12 



DEVELOPING AN STS LESSON 

Direction*: Using the Item you analyzed In Handout 11 (or another Item if your analysis Indicated that 
the original Item would not be appropriate material for an STS lesson), develop a lesson by followlna 
the steps given beiow. 

Writing Objective* 

Thlni< about the purpose of the lesson. What i<nowledge do you want students to gain? What sl.llls 
will you Introduce or reinforce? What values and attitudes wiii you target? It may bo helpful to remem- 
ber that i<nowledge, sl<llls, and attitudes can be categorized as follows: 

Knowledge Skills Valuee/Attltude* 

interactions Processing Information About Knowledge 

Concepts Solving Problems About Persons Engaged In 

Scientific Inquiry 

Mal<lng Decisions About Citizenship In a Free 

Society 

Write at least three objectives for your lesson. Write your objectives so that you will be able to 
measure whether the desired outcomes have been achieved: 



Developing the Instructional Strategy 

In planning what Instructional strategy to use, you will need to thlni< about several factors: how to 
engage student Interest, how to develop the topic or concept at the heart of the lesson, how to provide 
for skill practice, and how to debrief the lesson so that students are able to draw out the major ideas 
and mai<e connections between those ideas and their previous learning. How will you Introduce the le 
son? Describe how you will engage student Interest In the material. 

What teaching strategy will you use to convey the lesson's main idea? Briefly outline how you 
would teach the lesson; be sure to provide for si<lll development/reinforcement. 



SO 



List three to five questions that could be used In debriefing the lesson. 



Evaluating the Lesson 

Briefly describe how you would evaluate student achievement of the Instructional objectives. 



Handout 13 



ACTION VERBS FOR INSTRUCTIONAL OBJECTIVES 

KNOWLEDGE: cites, defines, descrllws. Identifies, lists, matches, names, points out. recalls, recog- 
nizes, relates, remembers, repeats, rephrases, reports, states, tells, writes 

COGNITIVE PROCESSES: 

Questioning and Searching: asks, discovers, locates, questions, researches 
Observing and Organizing: identifies, observes, orders, sequences 

Mtaauring and Clattifying: arranges, associates, catalogs, categorizes, counts, distinguishes 

groups, labels, orders, organizes, outlines, places, quantifies, rearranges, reorders, sorts, structures 

Analyzing and Synthesizing: analyzes, assembles, breaks down, composes, constructs, combines 
creates, depicts, derives, designs, detects, develops, devises, differentiates, divides, examines ex- 
periments, expresses, extracts, formulates. Identifies. Illustrates. Inspects. Integrates. Inventories 
lists, .nakes. organizes, outlines, points out. prepares, plans, produces, puts together, proposes' 
questions, relates, separates, synthesizes 

identifying and Describing: describes, gathers, recognizes, researches 

Hypothesizing and Predicting: deduces, develops, derives, draws, extends, extrapolates, formulates 
generates, presents, proposes 

Separating and Controlling: compares, contrasts, distinguishes. Identifies 

Exploring and Evaluating: appraises, argues, assesses, chooses, criticizes, decides, describes 
evaluates, explains, grades. Judges, justifies, measures, ranks, rates, rejects, scores, states worth 
of. validates, weighs 

Deciding and Acting: enacts. Identifies, justifies, selects 

ATTITUDES: advocates, acclaims, approves, believes In. chooses, defends, demonstrates, opposes, 
praises, prefers, reacts positively or negatively toward, recommends. '.,ects. selects, supports 
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Handout 14 



STS QUESTIONS 

This short list of questions can ue used to help stimulate thinking about developments In science, 
technology, and society. The questions/ can be used or adapted for use In debriefing many STS les- 
sons. 

For each story, Invention, event or process under consideration, ask the following questions: 

1 . What are some likely short-term pffects on science, technology, and society? 

2. What are some likely long-term effects on STS? 

3. What similarities are there to events that occurred In the past? 

4. Who are the spBCific actors In this development? 

5. What are the rdlgloH*^. moral or ethical implications? 

6. What are the military Implications? 

7. Wnat are the political Implications? 

8. What are the economic Implications? 

9. How Important Is physical location to the development? (Could this only happen In one specific 
place?) 

10. What Is the scope of the development? (How widely will the effects be felt -locally, nationally, or 
globally?) 

11. What Is the Hkellhood of any risks from this development? 

12. What Is the potential magnitude of such a risk? 

13. What power or control do local/state/natlonal leaders have over this development and concurrent 
risks? 

14. What power or control do citizens have over this development and concurrent risks? 
^t What are the benefits of this development? 

16. What are the drawbacks of the development? 
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Handout 15 



ENVIRONMENTAL SCANNING 



Introduction: 

A vertical file of materials or STS trends, topics, and Issues can be an lnv?iual)le tod In developing 
STS lessons. This activity descrit)es how students can be Involved In developing the vertical file as they 
learn about a popular fomi of futures forecasting -the extrapolation of past-to-present trends Into the 
future. This technique Is called trend extrapolation or trend forecasting. If. for example, population 
growth In p small city In the United States has bean at the 2-percent level for the past 40 /ears, one 
might eKu-apdate or (extend) this trend Into the future, say for the next 15 years. This mode of forecast- 
ing assumes c jntlnulty (as opposed :o change) from the past to the present and Into the future. It as- 
sumes a trend or pattern will remain constant with little variation. It further assumos thr.! dramailc shifts 
and "rev.)lutlons" are ui; common and relatively unpredictable. 

One way to do trend forecasting Is by use of the technique of environmental scanning. This Invol- 
ves selective scanning of the voluminous popular literature: newspapers (e.g.. Wall Street Journal, New 
York Times. Washington Post, and local papers), newsmagazines (e.g.. Time, Newsweek), best-selling 
non-flctlon (e.g.. Megatrends), general Interest magazines (e.g.. Omni, Money, Atlantic), radio programs 
(e,g.. National Public Radio), television programs (e.g.. "Nova" series on PBS), and other sImHar sour- 
ces. With a little practice, one qulcxly picks up the skHI of "scanning." of picking out items that describe 
present trends on crucial topics. Most items can be summarized ;n 50 ./ords or less (look for totals and 
percents). and then can be keyed lo one of several topic categories, .udents will have an opportunity 
to practice using the scanning techniques in this lesson. 

Objectives: Students will be able to: 

1. Selectively scan the news of the day. 

2. Select, clip, and file possible trend items. 

3. Use a category systfc.n for keying items. 

4. Become Interested In and pursue a category. 

5. Describe trends within a single category. 
Grade Level: 9-i2 

Teaching Time: 3 class periods 

Materials: Copies of trend categories* u\\ students; copies of enough 3" x 5" cards for each student 
to have 10-20 cards; enough copies of recent newspapers and magazines for all students to select and 
clip trend items (students ml^ht be asked a week or two In advance of this lesson to bring In 
newspapers and magazines th families no longer need or use; be sure to provkJe storat places for 
these); sample trend cards prepared by the teacher; 12 file folders for dlppe j items. 



Adapted from Teaching About the Future: Tools, Topics, and Issues, by John D. Haas and others 
(Boulder. CO: Social Science Education Consortium. 1907.) 



Proctdurt: 

1. Explain to the students the technique of trend forecasting; describe environmental scanning as 
one form of this type forecasting. Illustrate trend forecasting by having students draw on past-to- 
present trends they have experienced already In their lives. For exampie, every year students have been 
In school, they have 180+ days; thus, unless they arb seniors, next school year will also be 180 + 
days. Other examples for students to consider are the fact that the si^e of an elementary school's first 
graae next year de'r^rids "i that school's l<irKJ8rgarten class this year, plus new residents and minus 
families that move; and the life cycle in families of birth, growth, and death as represented by 
gr tiXlparents, parents, and children. 

2. As a tool both to guide the scanning process and to aid in i<eying and filing items, a category 
system Is useful. Below Is an example for twelve STS issues, though many other categories could be 
added. Explain the three-letter codes, the categories, and the examples. Encourage students to 
familiarize themselves with the system by asl<ing for their "opinion forecasts" (based only on ex* 
perience, hunches, and Intuition) of trends for four or five examples drawn from several categories. 



Trend Categories 



Codes 

POP 

WAT 



HUN 



AIR 



WAR 



Categories 

Population growth 

Water Resources 



World Hunger and Food Resources 



Air Quality and Atmosphere 



War Technology 



Examples 

World population 
Immigration 
Carrying capacity 

Waste disposal 
Estuaries 
Supply 
Distribution 

Ground water contamination 

Food production 
Cropland conservation 
Crop yields 
Diet 

Drought 

Fertilizers 

Malnutrition 

Acid ra^n 
CO2 

Depletion of ozone 
Global warming 

Nerve gas 

Nuclear developments 

Disarmament 

T Ism 
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CodM 



Categories 



Examples 



ENE 



Energy Shortages 



LAN 



Land Use 



HHD 



Human Health and Disease 



HAZ 

EXT 
NUC 



Hazardous Substances 



Extinction of Plants and Animals 



Nuclear Reacto.s 



MIN 



Mineral Resources 



Synthetic fuels 
Sdar power 
Fossil fuels 
Conservation 
Oil production 
Geothermal power 

Soil erosion 
Reclamation 
Urban Development 
Wildlife habitat loss 
Deforestation 
Debertiflcatlon 

Infectious and nonlrrfectlous diseases 

Stress 

Noise 

Diet and nutrition 
Exercise 
Mental health 
Addictions 
Pharmacology 

Waste dumps 
Toxic chemicals 
Lead paints 

Reducing genetic diversity 
Wildlife protection 

Waste management 
Breeder reactors 
Cost of construction 
Safety 
Terrorism 

Nonfuel minerals 
Mining and the environment 
Low-grade deposits 
Recyct^ng/reuse 



3 Before turrlng the clas? loos« on the newspapers and magazines (they can also draw from radio 
and television, at home and/or at school), show them how you did a few sample cards ^four or five) and 
where you found the iter»s yon summarized. Here you can point out the ways to summarize an article 
In 50 words u \Bsr by focusing only on the trend (s), by being cryptic in usr )f words, and by using 
numbers or parcents. Be sure you read the symbol of the categorv you assigned each card to; em- 
phasize that the symbol should be placed in a consistent place on every card. 

4. Next, make sure each student has ten or more 3" x 5" cards and at least two sources (I.e., 
Jiewspapers and magazines). Have them search for just two trends; summarize each one on a card; 
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and then key each card to a category by use of one '^<e three-letter symbols. Give students about 30 
minutes to do this. Then ask each student to read to the class one card (I.e., summary of trend and 
symbol for category). 

5. Now students should be ready to continue scanning, searching out arKi clipping Items, sum- 
marizing items on cards, and keying the cards and clipped items to categories. Give them an hour for 
this (In class, as homework, or as a combination of the two), and encourage them to do at least ten 
cards, but to do more if they want. 

8. When each student has ten cards leady, there will be approximately 250-390 cards ard dipped 
items among all students In the cla5S. On the chalkboard, record the number of cards prepared for 
each of the U categories. For the category with the most cards, have students read their trerxJs to the 
class. Do a few more categories (maybe the second- and third-place categories from your chalkbobrd 
tally) if you want and have the time. 

Follow-up: 

If you wish to extend the lesson Into a project for a few weeks, a quarter, or for the rest of the 
semester, have each student (the entire class or only those so Inclined) specialize In Just one or two 
categories. The end result of such a project migl.: be one of the following: (1) a collectkHi of 40-50 
cards and clipped items In a singie category, (2) a compilation of 40-50 cards In a summary essay, (3) 
a collection plus a scrapbook, (4) an essay plus a scrapbook, or (5) a short story (or other creative 
product) based ^n the cards In a category. 
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5. IMPLEMENTING STS 

General training objectives addressed by the activities In this chapter Include: 
To help participants identify goals and objectives for an STS course. 
To engage participants in the Initial steps In content selection. 

To denrx)nstrate In a nonthreatening way the potential for interdisciplinary planning arxl 
teaching. 

• To help participants develop an Implementation/action plan for STS. 



ERIC 



HOW CAN THE SCIENCE AND SOCIAL STUDIES DEPARTMENTS 

WORK TOGETHER? 



Background Notes 

Many proponents of STS education have argjed for develcpment of interdisciplinary courses that 
go beyond the bounds of oniy science or oniy sociai studies. The deveiopmeit of such a course, 
however, demands a high ievel of commitment as weli as adequate resources and support from l*^ a ad- 
ministration and teachers in both departments. Whiie teachers shouid be exposed to the idea oi an In- 
terdiscipiinary course, to suggest that such a course is the way for science and sociai studies teachers 
to cooperate can be intimidating and iimiting. 

This activity is designed to heip participants thinic about a range of ways in which science and so- 
ciai studies can cooperate In providing STS education. Participants begin by reading an STS iesson 
from the Model Lf^ssons for Secondary Science Classes and suggesting the courses in which the ciass 
would be used; science and sociai studies teachers compare the ways in which they wouid present the 
activity. The activity is used to stress that the two teachers can do the same iesson but bring different 
perspectives to it. Participants then place themselves on a continuum from complete lack of coopera- 
tion to total cooperation and Identify some of the intermediate points along the continuum. Participants 
get together in grade-leva! groups to discuss first steps that couid be taken in moving along the con- 
tinuum. To conclude the activity, participants read and discuss three case studies of interdisciplinary 
courses. 

it would be helpful for the trainer to know, in advance, what constraints may be plav;ed on coopert 
tion in participants' district or school. Knowing whose approval is needed to implement cooperative 
plans will aid in developing action plans. 

Conducting the Activity 

{Materials Ne ids: Copies of Handouts 16 and ^7 for ail participants; enough copies of Handouts 18, 19, 
and 20 for one-third of the participants; posting paper, markers, tape 

Activity Objectives: Participants shouid be able to (1) describe how a science teacher and social 
studies teacher couid enrich an STS iesson by providing different perspectives. (2) suggest ways to fur- 
ther cooperation between the science and sociai studies departments, and (3) list first ^teps in explor- 
ing how an Interdisciplinary course might be developed. 

St^gested Cteps: 

1. Point out that whiie indivWuai teachers can do a great deal to infuse STS into their courses, 
cooperative efforts between sociai studies and science teachers can be even more effective. In this ac- 
tivity, participants will begin exploring some avenues for cooperation. 

2. Pass out copies of Handout 16, a iesson on garbage disposal and decision making. Point out 
that the Subject/Grade Level designation is left blank. Ask participants to read the activity, determine in 
what courses they think It couid oe used, and think about wh n aspects of the iesson they wouid stress 
If they used It in their classrooms. Allow about 10 minutes for this task. 

3. Ask participants to call out all the classes they felt the course couid be used in. Post the respon- 
ses. You may wish to point out that the original author of the activity suggested that it could be used in 
civics, government, and any secondary science course; it also supports language arts through the mix- 
ing exercise! 
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4. Next, discuss how participants would present the lesson -what aspects would they stress? Post 
their responses, ioolclng for differences between the science and social studies teachers. Would the dif- 
f©rert emphases of the two disciplines enrich the learning for students? 

5. A8l< participants to suggest how a science and social studies teacher might cooperate In present- 
ing this lesson. Explain that there are many forms of cooperation, which can be placed along a con- 
tinuum from total Isolation to total cooperation. Designate one wall of the roorp to represent the con- 
tinuum; ask severfa, volunte^^rs to place themselves along the continuum according to their current level 
of cooperation. Ask each to exdaln his/her reasons for the choice; If their responses Include any ex- 
amples of cooperation, post these. 

6. Ask participants to suggest other ways of cooperating that would fall between the two ends of 
the continuum. These might Include sharing of r\otes between sclei.ce and social studies teachers to 
took for connections; setting objectives to take advantage of the connections and to highlight bridges- 
pint planning of concun-ent. mutually supportive units; Joint planning of an Integrated unit; team teach- 
ing of an Integrated unit; team teaching of an Integrated course. 

7. Divide the group Into smaller, grade-level t oups. giving each group a copy of Handout 17 for 
use In deyoloping a worit plan for Improving coop»,.atk)n between the d-^partments. Encourage groups 
to b^ reallstte-it Is better to begin with a limited plan that can be achieved than a far-reaching plan that 
Is destined for failure. Allow about 15 minutes for this task and then have groups share fheir plans. 

8. Tell participants that they are going to read some case studies of cooperation between science 
and social studies teachers. Form groups of three, giving each member of a triad a different handout - 
18. 19. or 20. Each person Is to read the case study he/she has been given and report on it to the other 
two members of the group. The groups should then discuss the ca' - studies, developing at least one 
suggestton they can adapt or use and one caution they should keep in mind as they proceed with their 
cooperative efforts. Allow 20-25 minutes for the group wori<. 

9. Reconvene the groups and ask them to share the ideas they are going to use l nd the cautions 
they are going to heed. Post these for further thought and discussion. 
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Handout 16 



LETTERS TO THE CITY COUNCIL 

Introduction: 

If all the garbage* In the United States was collected and put Into garbage trucks that were parked 
bumper to bumper, the line of garbage toicks would stretch from California to Rorki'a This analogy 
suggests that the United States has a garbage problem. In some states, the problem Is a monumental 
one. Most of the states In th3 northeastern United States have run out of land on which garbage can be 
disposed. These states are turning to such alternatives as Incineration and mandatory recycling 
pronrams. 

In this lesson, students read about a hypothetical community that must decide what to do about Its 
garbage pr jWem. Students review Information provkJed by various sources, work In a group to discuss 
the alternatives, and write IndivkJual reports to the city council regarding the decision to be made. 

Objective: Students will be able to: 

1. Explain vvhy the United States has a garbage problem and where that problem is most severe. 

2. Describe risks Involved with the various disposal technologies. 

3. Analyze a case study and propose a solution to the problem presented In the case study. 

4. value the ablll^; of each Indivklual to help solve the garbage problem. 

5. Value the process by which consensus Is reached. 
Subject/Grade Level: 

Time Required: 1-2 class periods 

MaterteSs and Preparation: Make copies of the student handout for all students. Make a set of Consul* 
tant Ords for each group of five students. 

Procedurefi: 

1. Introduce the garbage problem using the analogy provkled In me Introduction. 

2. Dit^tribute copies of the student handout. Have students read this Information indivkiually. Review 
the Informctlon provkled with the class. 

3. Go over !he steps Involved In making a decision. List these on the chalkboard: 

• Identify the Issue. 

if Determine alternative solutions for the Issue. 

• Weigh the costs and benefits of each alternative solution. 

• Detemnlne the most appropriate solution for the Issue. 
Discuss each step with the students. 

4. DivWe t^-^ class Into groups of fiv^ students. Give each group a set of Consultant Cards. Have 
students read and discuss the cards In their groups. They should then begin the decision-making 
process. Each group should appoint one person to take notes as the decision-making process Is imple- 
mented. This person will report back to the entire class. Allow groups time to determine a proposed 
plan of aotk)n for this situation. 
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5. When all groups have completed their decision-making process, ask each group to report back 
to the class. The group reporters should report the following: 

• What was the issue kJentlfied? 

• What were the alternatives? 

• What were the costs and l)eneflts of each alternative? 

• What was the final solution adopted by the group? 

• Why was this alternative adopted? 

6. After each group has reported, ask the entire class the following questions: 
What is the value of using this type of decision-making process to help solve a problem? 
What couio uidlvkluais do to help solve a local garbage problem? 

Who should be responsible for deckJing what kind of garbage disposal facility a community 
uses? 

How important should individual opinions be In a community decision? 
How can indlvkluals become more involved in local, state, and national decision making? 

7. Conclude the lesson by asking each student to prepare a wriUen report, addressed to the Green- 
vllle City Council, that will !.Jp the city council make Its decision about the kind of garbaae disposal 
facility to build. 

Evaluation: 

Key to this activity Is the students* understanding of the decision-making process. You will need to 
circulate around the groups, listening to the discussions to determine If all students are participating in 
the process. The written repon prepared by each student should give evidence of the process that was 
conducted by each group, as well as students' understanding of the garbage issue. 

Extentlon/Enrlchment: 

1. Have students visit a city council or county commissioners meeting to learn more about how 
local decisions are made. Or invite the mayor, city manager, council member, or commissioner to ac* 
dress the class, discussing the indlvkJual's input into the decision-making process of a community. 

2. Identify local issues through the newspaper or electronic media. Have students research these is- 
sues, discuss the alternatives that could be suggested, and come up with a proposed solution. En- 
courage students to write letters to the local newspaper expressing opinions about the issue studied 

Resources: 

•'Burled in Garbage." Washington Times (January 17. 1986), pp. 6-17. 

Diamond. Stuart, "Garbage -Our Wasted Resource," Newsda/s Magazine (May 6, 1979). pp. 18 + . 
Hornlg. Roberta, and James Welsh, "Garbage Piles Up. And Up, And Up," Thf^ Washington Stat (1970). 
Johnson. DavkJ P., "Trash Tells a Tale." The National Observer (December 20. 1975). pp. 1-14. 
Marcus. Steven J.. "The Cost of Wasie." New England/Boston Sunday Globe (May 23, 1976), pp. 11- 

Shavltz, Burt. "Fighting to Save the Earth From Man," r/me (1970). 
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Student Handout 



GREENVILLE'S GARBAGE 

Greenville, a city of 63,000 people, Is faced with a technology dilemma. Because of the amount ot 
garbage produced in the city, the landfill v;ill be full within two years. After extensive research, city offi- 
cials have determined th»» two solutions to the problem must be considered. Either the city will build 
another landfill next to 3 current landfill, or it will build an incinerator where the city's garbage can be 
bumed. 

These two options have been carefully considered by the city council. Experts have presented infor- 
mation for the city council to consider. Input from residents of Greenville will also be important for the 
city council to consider prior to mal<ing its decision. After all the citizen input has been considered, the 
city council will mal<e its decision. 

You are a member of a citizen's group that will send a recommendation to the council. In your 
group, review the information provided by the five special consultants. With your group, decide what 
action to recommend to the city council. 
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Consultant Cards 



Carol Johnson, Hydrologltt 

As a hydrdogist, I evaluate the levels of pollutants found in our groundwater. Since Greenville 
relies on groundwater for Its drinking water, our water supply must reniain uncontamlnated. If a new 
landfill Is built at the proposed site, there Is a 35 percent chance that contamination will occur. Al- 
though the Envlonmemal Protection Agency requires that all new landfills be lined with special plastic 
materials and that regular testing be done for leaching of hazardous chemicals into the soil and even- 
tually the groundwater, strong evidence shows that even the best-built landfill will eventually leak, con- 
taminating the soil and water. Testing to determine If leaking Is occunlng Is very expensive. However, 
cleaning up contamlnatton can cost as much as $50 million. 



Jake Summers, Sanitation Engineer 

The current landfill wHI be completely filled in less than two years. The proposed landfHI can be 
built at a cost of $78,000. It wHI cover 10.3 acres of land. At the rate at which GreenvillVs garbage 
productton is Increasing, this facHlty shoukl last the city about 20 year?. Because of Its increased 
capacity, the city should conskJer hiring an additional 25 woricers to rJck up, haul, and manage the 
solW waste at the landfill site. Every regulation will be followed to ensun) that this new landfill will be 
safe and will not cause pollution. 



Ed Winters, Environmental Consultant 

I have very mixed concems about both of the suggested waste disposal facilities. The landfill will 
be built adjacent to the existing facility, but the proposed area will also use part of the land that has 
been set asMe as a wildlife preserve. This area has been a favorite for hikars campers, and 
birdwatchers. The proposed landfill could endanger the wildlife. Unless tne city is very careful about 
disposal of hazardous chemicals in this new landffll, air and water pollution could be a problem. 

Magcle Henry, Construction Engineer 

The incineration facility that has been proposed for Green' 'Me will cost approxinr^ately $12.3 million 
and will be able to handle 450 tons of garbage per day. If all safety specifications are followed, air pol- 
lution wHI be minimized. Because the ash that results from the bumed garbage has been classified as 
a hazardous waste by the EPA, it wHI need to be disposed of safely. The MoMson landfill has agreed 
to let Greenville dispose of its ash tl^ere If property stored in sealed barrels. This will add an additional 
$55,000 per year In disposal costs. 
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Gary Miller, City Personnel Manager 

Both of the proposed facilities have economic pros and cons. I have listed those In a chart. 



Landfill - 



Pros: Will provide adequate garbage disposal fo" 20 years. 
If monitored, will not cause air pollution. 
Is less expensive tlian Incineration facility. 
Will employ 25 new Individuals. 

Cons: Has the potential to cause groundwater pollution. 
Has a limited life (20 years). 
Will damage part of the wildlife preserve. 

Incinerator - 



Pros: Can handle 450 tons of garbage per day. 
Will employ 43 new workers. 

Will provide some of the heat and electrical energy for the city, saving the city 
$35,000 per year. 

Cons: Will cost an additional $55,000 per year to dispose of toxic as^r 

Could be a source of air pollution, particularly dioxins, which are hazardous to health. 
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COOPERATION PLANNING WORKSHEET 

Grade Level: 



Science Course(s) Taught: 

Social Studies Course(s) Taught: 

Possible STS Topics/Issues Applicable to Both Courses 



Forms of Cooperation We Will Try During the Next Semester: 
Sharing of notes to look for connections 

Setting objectives to take advantage of connections and to highlight bridgss 

Joint planning ot concun'ent, mutually supportive units 

Joint planning of an Integrated unit 

^Team teaching o* an Integrated unit 

Team teaching of an integrated course 

Other: 



Administrative Support or Approval Required. 



We will begin our cooperative efforts by doing the following 



Date for next meeting: 
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CASE STUDY 1: ENERGY AND US 

Kelly Walsh High School Is located In Casper, Wyoming, a community of approximately 50,000 
people. Kelly Walsh has 1,300 students and 85 teachers In grades 10 to ^Z. 

Energy and Us was conceptualized after the fall of 1972, following a major temperature Inversion 
caused In part from a blanket of smog from the Dave John&ton Power Plant 25 miles east of Casper. A 
survey about the Incident revealed how little students knew about the production and use of electrical 
energy and the environmental Implications of the process. Science teacher Elizabeth Horsch and social 
studies teacher Roxle Dever decided to develop an Integrated course using t^e p*>wer plant as a case 
stu^y. Pacific Power and Light Company, owners of the plant, agreed to provMe assistance with 
projects. 

Students bralnstormed questions about the power plant; based on student Input, the aspects of the 
power plant that would be studied and the "people" Impacts that could be examined were outlined. 

Since that first year, each subsequent year's caee study has been different with respect to topk: 
design, materials used, and activities. The common threads are the use of student questions to s'nape 
the study and the focus on science-related social Issues -land use, the degradation of a natural stream 
by development, the pollution of the river by a poorly operated sewage treatment plant, the confltot be- 
tween the mining of gravel and the developrnent of a state park. 

In addition to the case study each year, units on oth^r topics (natural resources, land use, energy, 
governmental process, personal energy consumption, critical thinking) are Included tr give students a 
general background. The length of these units varies oepending on the time required for the case study 
and the relevance of the materials to the case study. The units can be coordinated Into or team ^^.ught 
by social studies and science teachers. For example, a unit on energy consumption and packaging was 
used in an American problems class as well as chemistry. 

The goals for this project have been to: 

• Develop positive attitudes toward science and its relevance to the Indivklual, scKiety, and the 
environment. 

• Develop and apply, through science experiences, rational and creative thought processes. 

• Employ the language, tools, and materials of science for collecting, organizing, and com- 
municating Information. 

• Acquire and apply scientific knowledge, concepts, laws, and principles to Interpret the natural 
world. 

• Use science experience as a means of fulfilling personal aspirations. 

Students are gKan responsibility for designing the study and keeping track of data. They are also 
given a nrmjor role In drawing conclusions and In disseminating study results. Efforts are made to 
develop a close wori<lng relationship between students and the community. 

The teachers' role Is to facilitate small-group work, dlr€ ^t lessons that provkle background Informa- 
tion, arrange for guest speakers, plan field trips, do community public relations, direct lab experiments, 
and search for relevant Information of a particular project. 

Student evaluation Is based on class participation, record keeping, tests, and participation In out-of- 
class activities. The best evaluation Instrument Is the student notebook. Evaluation of the program is 
based on student Interest, response, participation In community affair, and the continuing concern and 
Interest of students who have completed the class. The team teachers also mutually evaluate the effec- 
tiveness of Instruction. 
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Benefits identified by participants Include: 

• Students and teachers learned to worl< closely with each other and with the community. 

• Both students and teachers developed a broader understanding and l<nowledge of science 
and social Issues. 

• Fellow teachers provided a pool of expertise. 

• SVK^/ents were depended upon to help with various components of the project 

• A tox^bool< was not used. 

« Teachers became more flexible and responsive to student Interests and abilities. 

• Students learned hov to Investigate actual problems witli no predetermined answer. 

• l-atitude provided for IndK'idual students to determine which aspect of a study they 
wished to pursue. 

• latitude was provided by the administration for selecting topics, selecting materials and 
guest speai<ers. Involving the community, scheduling the class, using a common planning 
period, and facilitating transportation. 

• Class members learned to rely on each other. 

• Program evaluation was shared with students. 

• Contact was rrwide with Interesting people from government, business, Industry, and ♦he 
community. 

The drawbacks of this type of project Include; 

• Because developed materials or a tbytbooi< were not being used, unexpected situations and 
problems often occurred. 

• Being able to tailor oarts of trie activities for both Interest and abil^y level was very difflcuH. 

• The lack of activity demonstrated by some students was very obvious. 

• Or* team or a few members of a team often failed to produce results for which they were 
responsible. 

• Evaluation of the IndivkJual students for grading purposes was quite difficult. 

• Planniii J and Implementation of this program required a major time commitment, necessitat- 
ing the use of a paraprofesslonal to help with planrlng. 

• A retrieval system for kJenltfylng available materials would have been useful. 

Note: Horsch and Dever had hoped this program would be an ongoing one at Kelly Walsh High 
School. Because of a change In curriculum guides, however, this p ngram Wc s discontinued. 
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CASE STUDY 2: HUMAN ECOLOGY 

The Brandywine School District, which Includes Brandy/vine and Concord High School^ In north- 
ern New Castle County, Delaware. Brandywine High School has 1,100 students and 7o iachers. 
grades 9 through 12. Concord High School has a bit larger student population and 10 additional 
teachers. 

The Hunrran Ecology progiam began at Brandywine High School In September 1980. The program 
was Introduced at Concord High School in September 1982. This program attempts to provide Instruc- 
tion giving students the iNnowledg?, skills, and attitudes they need to become active forces In the Im^ 
provemei.t of the h'-nian coiiditlon. The course brings together the subjects of social studies and 
science to givA students a comprehensive look at the human condition today and where it appears 
headed In the jre The course enables students to see how people, society, and nature relate to one 
another, and how these factor*^ affect their own well-being as well as that of the people around them. 

Jack Carney, who developed the concept of the Human Ecology program, presented th« model to 
.he New Castle County School District's Curriculum Council. The model was approved for possible In- 
struction In the schools. In 1979, an ad hoc committee met with Can .ay to develop a cunlculum 
program n Hunian Ecology. The school district administration made a commitment to the basic con- 
cept, the n.odei, and Inservlce training fOt the development of the program. Since the Inception of the 
program, one teacher unit has been committed to the program. Federal funding was obtained for Inser- 
vlce training. Funds were also provided to support teacher summer curriculum development workshops 
for three years. 

The Human Ecology program was Introduced as a science elective course, with the central focus of 
the program being the development of the human and the well-being of Indivkluals and families In their 
social and physical environments. The following content areas are especially pertinent: 

• Patterns of reproduction and child-rearing practices that reduce the probability of ^iture 
physical and mental handicaps. Including the Influence of substance abuse, Infection and 
nutrition on the growth of the fetus, and the Importance of sound child care during early 
stages of development. 

• Elements necessary for or detrimental to the psychological health of human beings, such as 
psychological and physiological characteristics of stress and the coping skills to mediate 
stress; cause and prevention of teen-age suicide. 

• Physical factors of the natural environment (water and air pollution, land usage, and energy) 
that Interfere with the optimal growth and development of human beings. Specific problem 
areas covered are population growth, solar and nuclear energy, and environmental pollution. 

• Factors responsible for the development of healthy IndlvkJuals and families according to 
recognized authorities, such as stages of human development, factors Important to the selec- 
tion of a marlage partner, and roles and functions of a family. 

• Development of positive human relationships, the ways of Improving effective human relation 
skills, and the benefits derived from practicing effective human relation skills. 

Student goals Include: 

• Developing an appreciation for the beauty of knov.ing vs. not knowing. 

• Seeing the history of scientific discovery In relation to the career efforts of living people. 

• Recognizing the value of scientific research In making people's lives more productive. 

• Knowing that the study of science Is fun, profitable, and mind-expandlng. 
t Feeling that scientific knowledge belongs In the mind, . jX Just In the lab. 

• Acquiring habits and attitudes necessary for responsible citizenship. 



• Developing a concern for moral, ethical, and spiritual values. 

• Developing an appreciation for one's worth as a member of society. 

Students use rdeplays as a vi^ay to learn about the cofitent of the various topics within the 
program. This procMs also affords them the cpportunity to formulate their own attitudes and ideas 
wfTie gaining Insigh; No the attitudes and ideas of other people. Additionally, l,stenlng and discussing 
various topics, giving oral presentations to the class, participating in cooperative group learni,ig view- 
ing and discussing audiovisual presentations, and partlcipatlnrj In oommunity service volunteer activities 
are learning strategies that are en, ployed. 

The course Is team-taughl, with guest instructors from various dlsclpllr^as and places of employ- 
ment used to enrich the program. This approach has been effective In inaintaining student Interest and 
motivation. 

The community service co^nponent of the program exposes students to the vast mechan'smy 
society has developed to dehl with the effects of human suffering and seeks to help studenis under- 
stand hew to avoid or change negative behaviors. As part of this commur.ity service program, «5tudents: 

• Participate In a self-Inventory. 

• Wori< on Improvement of relationships wi; i school peers. 

• Focus on the physical and psychological development of the human. 

• Relate nonns or developmental benchmarks to their own development. 

• Study the Influence of social Institutions, marriage, family, and religion on human develop- 
ment and self-development. 

• Learn about the Influence of the physical environment on the development of humans. 

• Help neighbors through volunteer service In a human service community agency. 

Students are evaluated in the traditional manner, through four major tests, a final exam, teacher ob- 
s<»rvatlons. and their participation In the community service volunterr activity. Pre/post evaluative data Is 
avaHaUe. Teachers are also evaluated through formal district-wide teacher evaluation programs and ob- 
servations C3Ch year. 

The benefits of this program are many: 

• Th» value, ethical, and moral considerations of science-related social issues become impor- 
tant as students become more aware of the values and attitudes of their peers. 

• Support !j given to the program through a variety of channels. The .superintendent suppots 
the program by assigning a teacher unit to the program. Funds are also provided for cur- 
riculum materials and professional travel. 

• AHiunct financial support has been provided by the March of Dimes Birth Defect Foundation. 

• Students take an active role In planning and implementing new additions to the program. 
Enhancements or changes that could Improve this program Include: 

• Addition of a stronger humanities component. 

• Use of the program by jre teacheis. 

• Start-up funds and a strong commitmeni y administrators and staff to launch the oroaram 
at a new school. 

• Funding coordinator to monitor the program on a regular basis. 
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CASE STUDY 3: ECOLOGY AND THE COMMUNITY 



Jamestown, Rhode Island, with a population of 4,000 is the only town on Coananicut Inland in Nar- 
rangansett Bay. With modest resources, teachers and administrators still focus on quality education as 
a major priority, thus consistently scoring at the top of the state in standardized testing, competitive 
grants, and awards. The community has only one school -the Jamestown School, which houses 500 
students in grades K through 8. 

The Ecology and the Comn^unlty program was initiated to prepare future voters to understand their 
roles and responsibilities as determiners of alternative futures. Ecology and the Community begins 
during the fall of the seventh-grade year. Science components of t^^^ ^ program include: 

• The principle parts and functions of the cell. 

• Photosynthesis and respiration. 

• Food ctialns, food webs, and feeding reiat! ^nships. 

• Decay organisms and their role in feeding relationships. 

• Population-limiting factors in the environment. 

• Basic genetics. 

• Selection, adaptation, and long-term change. 

Students undertake an extensive investigation of an outdoor site each spring. This field investigation 
allows for direct experience with the concepts presented earlier in the year. 

Of equal importance is the concunrent study of the community. In order to provide a balance 
necessary to avoid a prejudicial, pro-environment point of view, students learn about the realities of 
conrjmunity costs and limited financial resources. Social studies components of the program include: 

• Basic economics. 

• Recent local history and community background. 

• Town government. 

• Town services and costs. 

• Town industries and businesses. 

• Taxes. 

• Tow budget. 

• Jobs and the job market. 

The social studies topics are addressed through a series of activities, simulations, interviews, per- 
sonal research, and guest speakers. Students draw parallels between their community and the environ- 
ment. For example, students compare the impact on a herd of deer and a lO-parcent decrease in food 
supply to the impact on their community and a 10-percent loss of jobs. 

The culmination of the Ecology and the Community year of study is a series of simulations in which 
students must make difficult choices between environmental and community concerns. The seventh- 
graders present both sides of an environmental question and hold a schoolwide referondum. 

The second phase of this program occurs when the seventh-graders move int^ the eighth grc^de. At 
this point, the students undertake cross-age teaching. Teams of two student voluntc rs present Ecology 
and the Community lessons to students from grades K through 6. These ^ssons are planned by the 
sending teacher, the receiving teacher, and the student team members. From these opportunities, stu- 




dent knowledge Is reinforced, the experiences of the younger students are broadened, and the overall 
Impact of the program Is enhanced. 



This program Is evaluated through pre/post testing, with on-site visitations, and from follow-up 
questionnaires In spite ot three revisions of the program, however, the designers of this course have 
been unable to demonstrate conclusi results through the formal pre/post testing Instalments. One 
theory about the lack of evidence Indicating significant change, primarily in the affective domain. Is that 
seventh-graders may have internalized the informed decision-making process bu» are not vet able to 
verbalize it. ' 

A small number of returns from *ollow-up questionnaires mailed to high school graduates who par- 
ticipated in this program Indicates that five years later, participants do show signs of being thoughtful 
participants in citizen decision making. 

Identified strengths of the program Include: 

• The needs of the comrriunity were the benchmark for evaluating the program. 

• Ecology and the Community is an easily transported program. Teachers with a variety of 
temperaments and styles have had equal success with the program. 

• Implementation In another scnool can occur without schedule changes or radical changes in 
school philosophy. 

• The cost of adopting the piogram Is low because the amount of new materials to be pur- 
chased is small. 

• Flexible activities ensure accomplishment of objectives. 

• Students are actively involved. 

• Social issues are united with science to produce a good hybrid program. 

• Cross-age teaching teams work ve», effecdvely and help maximize the Impact of financial 
support. 
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HOW CAN V/E PLAN AN STS COURSE? 



Background Notes 

Paul DeHart Hurd has argued that "knowledge, whether of facts or methods, gains meaning from 
the context m which It Is used. Strictly disclpllne-based courses are too constrained lO convey the full 
meaning of much that Is taught. Facts are learned, but many are largely Inert and have little effect on 
dally life.... The STS theme is designed to make the study of science productive for more students by 
encouraging students to think about the social and personal Implications of what they are learning." By 
developing a stand-alone STS course -whether semester- or year-long -this goal can be pursued dally, 
not Just on selected occasions In existing courses. 

This activity Is designed to provide some guidance In developing an STS course or lengthy STS 
unit. It Is assumed that the activity would be used only with a group empowered to make the types of 
decisions called for-setc^clng content, writing objectives, deciding how to organize the course, and so 
on. 

In many cases whare an STS course has been decided upon, a rationale for the program has al- 
ready been established by a policy-making agency such as the state department of education or school 
board. However, if this Is not the case, it would be Important to precede this activity with the two ac- 
tivities from Cnapter 3; these activities should then be followed by diaftlng of a formal rationale state- 
ment. 

Once a rationale has been written, content for the course must be selected. Selecting content Is the 
major focus of this activity, which presents guidelines ft. developing knowledge, skill, and attitude ob- 
jectives, and Involves participants In beginning the content selection process. Subsequent st^ps, Include 
Ing selection and developnr snt of materials, decisions about teaching strategies, and program evalua- 
tiori decisions, can be taken using other activities In this manual. 



Conducting the Activity 

Matarlals Needed: Copies of Handouts 13. 21. and 22 for all participants; transp^rencles A. D. E. F. G. 
H. I and J, overhead projector; poster paper, tape, markers; any district or r.ate guidelines related to 
the new STS course (If ti.e guidellne<^ Include a statement of program goals, you may v/lsh to 
reproduce these on a handoijt or transparency) 

Activity Objectives Participants should be able to (1) describe criteria for selecting knowledge, skill, 
and attitude objectives for an STS course. (2) develop major program goals for an STS course. (3) 
select key concepts and Issues for coverage, and develop a work plan for completing content selec- 
tion, objective development, and course organlzati. 

Suggested Steps: 

1. Remind participants of the rationale statement adopted for their STS course. This rationale state- 
ment will serve as a guidepost In selecting the content to be covered and the strategies to be used In 
presenting that content. 

2 If district or state course guidelines Identify major program goals, go over these goals with par- 
tlclparus. discussing their Implications for selection of content. If no such goal statements exist, project 
Transparencies H. I, and J, going over each In turn. Then divide the group Into three smaller groups, 
assigning each group one area -content, skills, or attitudes. Using the guidelines presented In the 
transparencies, have each group develop three or four program goal statements related to their as- 
signed area. The statements should be posted on posting paper. After about 15 minutes, have the 



groups circulate, so that each group is reviewing another group's statements. They shouid make addi- 
tions or changes to the statements. Aliow about 10 minutes for this task, and have the groups move on 
to the area they have not yet considered, again commenting on the work of the preceding groups. 
When this task has been completed, go over all the posting sheets as a large group, working toward 
consensus. It is not necessary to have final agreement on the goal statements at this time. A smaller 
working group can be assigned to complete this task after the workshop. Lea\e the goal statements 
posted prominently in the room for the remainder of the session. 

3. Point out that three related tasks must be accomplished now that major program goals have 
been written: (1) selecting content (knowledge, skills, and attitudes) to be covered in the course, (2) 
writing specific objectives for student outcomes, and (3) deckling how to organize the course. The 
remainder of this activity will focus on selecting content, particularly knowledge, to be covered. 

4. Explain that In trying to choose specific content to be covered, many planning groups end up 
with a list that is impossible to implement because they have not set sufficient parameters. Write this 
question on a piece of posting paper: "Given a limited amount of jnstructior>ai time, what big Meas 
about life and living should our students carry away from their STS course for use throughout the rest 
of their lives?" Ask participants to Wentify the four parameters embodied in the question. (That time Is 
limited; that the course should cover big ideas in life, ot big Meas In science; that the content must be 
usable -applicable to life; and that use should continue throughout the student's lifetime.) If participants 
disagree with any of these presumptions, the question can be revised; however, the purpose is to 
develop a guWing question that provides some parameters for selecting content for the course. 

5. Remind panicipants that there are three kinds of STS knowledge- interactions, concepts, and is- 
sues. Use Transparencies A, D, and E to explicate thes? three kinds of knowledge, allowing time for 
6\sr' on of each, as well as time to add additional Items to the list of issues. 

6. Distribute Handout 21, giving participants approximately 10 minutes to complete It irxiivkluaily. 
While they are working on it, make posting sheets that list the concepts and issues being ranked. 

7. Collect the handouts. Distribute Handouts 22 and 13 for participants to read while you tally the 
responses for each of the items in each category; write the totals on the posting sheets listing all the 
options. Transparencies F and G should be available for participants' use as they read the handouts; 
multiple copies of these transparencies might be more helpful than projecting therr* 

8. Go over the rankings with the group, pointing out the items with the lowest total scores, which 
are concepts or issues on which there was general agreement as to their importance. They should be 
given top priority in selecting content for the program. Those items with the highest scores are those 
generally ranked as unimoortant; tr^ey can probably be eliminated from consWeration. Items with scores 
in the mWdle have either been consistently ranked as of mkldling importance or have provoked a high 
degree of disagreement. These items will need furth'* discussion before decisions are made on their in- 
clusion in the course. The availability of appropriate instructional materials might be a factor in -jecWing 
between concepts or !ssues on which there is disagreement or no strong preference. 

9. Discuss the information provWed on Handouts 22 e r \ Then neip tho group develop a wrrk 
plan - including designation of subcommittees, if necessary . complete the selection of content, writ- 
ing of objectives, and develop'nent of a course outline. Be sure that participants understand that drafts 
of documents produced by subcommittees should be reviewed by other .members of the group as well, 
to continue the consensus-building process begun in this activity Deadline dates for each phase of the 
process -including reviews -should be established. 
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STS CONCEPTS AND ISSUES WORKSHEET 

Read each list below. Fill In any additional concepts or issues suggested by \e group. Then rank 
th3 concepts from 1 to 10. with 1 being the »nost Important concept to Ouvor in an STS course and 10 
being the least Important concept. Rank the issues from 1 to 12, agalri with 1 being the most Important 
item for coverage and 12 the least Important. 



STS Concepts 

Systems and Subsystems 

Organization and Identity 

Hierarchy and Diversity 

Interaction and Change 

Growth and Cycles 

Patterns and Processes 

Probability and Prediction 

Conservation and Degradation 

Adaptation and Limitation 

Equilibrium and Sustalnability 



STS Issues 

Population Growth 

Water Resources 

World Hunger and Food Resources 

Air Qur'ity and Atmosphere 

War Technology 

Energy Shortages 

Land Use 

Human Health and Disease 

Hazardous Substances 

Extinction of Plants and Animals 

Nuclear Reactors 

Mineral Resources 
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COMPLETING THE COURSE OUTLINE 

You have begun the process o1 developing your course outline by considering concepts and Issues 
to be covered in the STS course. Several steps remain before you will have a completed course outline. 
These steps are described briefly oelow. As you read through them, think about an action plan that 
would allow your group to complete each step In an efficient manner. 

Complete Selection of Content 

Vi/hen the group's responses to Handout 21 are tallied and analyzed, you will have identified some 
concepts and Issues for coverage and eliminated some others. A middle group will remain to be con- 
sidered. In deciding among issues or concepts on «nlch there Is no consensus, the availability of In- 
structional materials that address t .e issue or concept may be a determining factor. Thus, it Is ad- 
visable to begin looking for and at instructional materials. This will also help you identify whether you 
will need to develop materials on the issues and concepts you have definitely decided to include In the 
course. 

You will also need to identify the skills and attitudes that you wish to address. Transparencies F and 
G provide lists that may be helpful in this process. You may find it possible to include all of the listed 
skills and attitudes in the course. 

Remember, the goal statements your group has decided on should guide all your decisions related 
tc selection of content. 

Action Plan for Completing Selection of Course Content: 
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Wr!te Specific Objectives (Student Outcomes) 



Student outcomes detlne more cieariy the expectations for students. Outcome statements sliould 
be sufficiently specific to permit measurement. This is an important aspect of planning an account- 
able program. Some examples of "measurable" objectives are g^en below: 

• Students will be able to list six significant events in the history of energy use in the United 
States. 

• Students will be able to classify alternatives related to population growth according to steps 
that enlarge individual and societal froedomi^, steps In which an Individual gives up some 
freedoms for the betterment of society, and steps that greatly limit the freedom of Individuals. 

• Students will react positively to scenarios in which individuals take action to Influence public 
policy on science-related social issues. 

I! is helpful in writing objectives to use action verbs A number of action verbs are pro. ded In 
Handout 13. 



Action Plan for Writing Specific Objectives: 
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Outline the Course 



Depending on the content selected for coverage in your course, you will have several options for 
organizing the course. You may even choose to allow teachers to organize the course In whatever 
manner they select. 

Many STS courses are organizea around selected Issues, with concepts, Interactions, skills, and at- 
titudes developed through in-depth examination of those issues; students may. In fact, be asked to go 
beyond examination tc action on an Issue, l-lowever, courses could also be organized around scientific 
concepts and principles, proceeding from there to the technological processes and devices that arose 
from the concept or principle or allov ed the concept or principle to be discovered, and to the social Is- 
sues that arise from the scientific concepts or principles. A course might even be organized aroi:nd 
technoioglcal processes and devices. Either of these organizational schemes could also Involve an ac- 
tion component if appropriate for your community. 

The choice of how to organize the course will depend on the emphasis you wish to give the 
course, the materials that are available, and the comfort-level of teachers. For example, social studies 
teachers nr)ay be more familiar and therefore more comfortat>ie with an issues-oriented approach while 
science teachers may find a concept-based organizational scheme easier to Implement. The teachers 
who will be presenting the course should be considered In developing the final course outline. 

Action Plan for Outlining the Course: 
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HOW CAN WE AVOID PITFALLS IN INTRODUCING STS? 



Background Notes 

Exactly how a school district goes about Implementing a program depends to a large extent on the 
compori^nts of that program. Nevertheless, whatever its components, you can be sure that a program 
will not Install itself. Rest^arch indicates that ouccess In bringing about change Is positively related to the 
extent of effort made on behalf of that change. !f the program Is going to survive, It must receive sup 
port from the community. Involving community representatives from the beginning will make It much 
easier to build support among parertts. civic groups, the media, and the public in general. You will need 
to use every possible avenue to inform people about what you are doing and why. School newsletters, 
radio talk shows, articles in the local newspaper, speeches to civic organizations and parent-teacher 
groups, school open houses ~ use them all. 

If community representatives are brought in at the implementation stage, there is one little "hooker" 
to watch out for. One of tl s most common reasons for failure in Implementing a new program is incom- 
patibility with local values. In the process of revising a cuMculum and designing an evaluation system. It 
Is easy to forget that members of the community, not educators, are the clients. If planners lose sight of 
that fact, they may discover that the new program "scratches where the public doesn't Itch." 

The fact that the STS program is being designed by the very people who will implement It Is a big 
plus In terms of installing the program. Educators are fond of talking about how teachers should take 
Into account the IndlvkJual differences of students: that is not bad advice to curriculum planners as they 
put a new program Into operation. Not all teachers accept change at the same rate, and they need to 
be given opportunities to express their concerns and doubts. This is more likely to happen if the issue 
can bd depersonalized -for example, a question to a teacher could be phrased as "What are some of 
the things that might go wrong with this new program, and what can we do to avoid them?" rather than 
as "What makes you most uncomfortable about this new program?" This activity is designed to help 
classroom teachers understand and deal with some of the problems that may arise in installing the 
program. 



Conducting the Activity 



Materials Needed: Sufficient copies of IHandouts 23, 24, and 25; ten 3' x 5" cards each participant; 
you may find it useful to have copies of the material on controversial issues from Appendix B. 

Activity Objectives: Partir^ipants should be able to (1) express their concerns and doubts about the 
new program, (2) identify problems that may arise with the program, (3) outline some actions to help in- 
stall the program. 

Suggested Steps: 

1. Explain to the participants that you want thenri to help project some of the future problems and 
payoffs of the new STS curriculum plan. Give each person ten 3" x 5" cards asking them to put one 
statement on each card. Each statement should begir^ in one of two v/ays: (a) "A problem that is likely 
to be caused by this program is . . ." or (b) "One of the positive payoffs that we can anticipate from this 
program Is . .." Participants should not put their names on the cards. Allow ten minutes for this step. 
(Note: The group leader should also fill out ten cards in order to make sure that all ideas that need to 
be discussed nre on cards -especially problems or payoffs that others are likv^ly to think of but might 
be reluctant to write down.) 



Adapted from Program Planning Handbook, edited by James E. Davis (Boulder, CO: Social Science 
Education Consortium, 1983). Activity developed by Gerald Marker. 
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2. Collect the cards and put them in a central location. If the participants are to work In small 
groups during the rest of the activity, each small group should have Its own stack of card-,. 

3. Distribute Handout 23, "Example of Force-Field Analysis." F.^plaln that force-field analysis Is a 
technique used to analyze a current situation in I'ght of a goal for change. A situation exists as It does 
because both positive and negative forces operate to maintain the status quo. Force-field analysis 
enables those seeking change to examine the forces that support the goal and the forces that mav 
prevent the goal from being reached. 

In the example, the goal has been stated with a time deadline and a specification of the number of 
'^^'IJi* Involved in the cnange. Both supporting and restraining forces have been ioentlfied with n 
the indlvWual who Is responsible for helping make the change happen (self), significant others, and 
relevant Institutions. Note that these are only samples of forces; a thorough analysis wc Id reveal 
nume'-'-Ms additional restraining and supporting forces. 

4. Distribute Handout 24. "Force-Reld Analysis Worksheet." Explain that the group's task will be to 
(a) state an installation goal, (b) Identify the supporting and restraining forces, (c) evaluate the strength 
or importance of each force, and (d) Identify possible strategies for dealing with one or more restraining 
forces. (Note: The central Idea in achieving effective change is to remove the restraining forces rather 
than to Increase the strength of the supporting forces.) 

5. As the first step in the analysis, the participants should state an installation goal. They rhould 
then take the cards one at a time and list them on their worksheets as "supporting forces" or "res* lin- 
ing forces." Indicating whether they belong under "self," "significant others," or "institution." 

6. Caution the participants not to try to compile ar: extensive list of supporting forces. Rather, each 
group should identify at least one restraining force anc develop an action plan to reduce the strenath of 
that force. 

7 Distribute Handout 25, "Action Plan Worksheet." Explain that the first step is to try to reduce the 
strength o or remove a restraining force. Ask each group of participants to choose a restraining force 
arid then identify action ideas for dealing with the force. They should work all the way through one 
selected action Idea. Indicafing each step in the act on plan; who will do It; where, when, and how and 
what special resources will be needed. 

8. If participants are working in small groups, ask each group to share its action plan worksheet 
with the whole group. Some group? may have identified the same restraining forces but deveiopf d 
quite different action plan.. Discussion of action alternatives will be very useful. If time allows you ma, 
ask each small group to choose a second restraining force and develop a second action plan. 

If any of the groups choose resistance to dealing with controversial issues as the restraining force 
to analyze, you may want to make the material on controversial iioues from Appendix B available to 
them. 
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Handout 23 



EXAMPLE OF FORCE-FIELD ANALYSIS 



Your stated goal: 



Supporting Fo rces - 



v5 Qymj yC^nL^M:djM> ^ 



■'T' 

Self 



< - Restr aining Forces 



Significant Others 



Institution 
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Handou'. 24 



FORCL-FIELD ANALYSIS WORKSHEET 



Ycur stated goal 



Supporting f^orces - > 



< - Restraining Forces 



Self 



Significant Others 



Institutio I 
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Force salected to work on: 



ACTION PLAN WORKSHEET 



Goal: 



Action idea(s) chosen: 



What will be done? Who will do it? Where and when? How? Special nsources neede d 
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o. EVALUATING STS PROGRAMS 



General training objecth'es addressed by the acth s In this chapter Include: 

• To provide participants with the skills needed to evaluate their STS program. 

• To provide participants with too'3 for evaluating sti^ent learnir g In STS. 




HOW CAN WE EVALUATE AND IMPROVE OUR PROGRAM? 



Background Notes 

Planning a sound prograrr: evaluation Is vital to the success of a new curriculum plan. By being 
thoughtful about evaluation, planners and teachers demonstrate their belief that what they have planned 
is Important. An effective program evaluation can answer the Inevitable questions about program 
workability and provide data to improve the program. 

A major function of program evaluation Is to demonstrate to a variety of ^jrouDS the effectiveness of 
the Instructional program. An effective program of evaluation Is many-faceted and displays the following 
characteristics: 

1. It Is based on clear and specific objectives. 

2. It Is continuous and cumulative, with records kept by administrators, teachers, and students. 

3. It ir^cludes as many objective methods of evaluation as possible. 

4. It Includes subjective material (observations, case studies, diaries) that can be used to support 
objective results. 

5. It is carried on daily through Informal methods as well as at irequent intervals with more formal 
instruments. 

6. It Includes planning by teachers and administrators for using evaluation data fully and effectively. 

7. It is wisely interpreted to students, parents, and others. 

8. It does not unduly emphasize any one socioeconomic class. 

9. It includes controlled teacher experimentation with nev; methods and devices. 

10. It includes or Involves students, parents, and administrators. 

For evalUdSon to serve as a program improvemcrtt tool, it must provide some appraisal of the ex- 
tent to which all as|-:^cts of the program are su'^oessfui/unsuccessfuL The process not only provides a 
blueprint of strengths and weaknesses for both the individual and the group, but also serves guide 
for future planning by all involved. 

Unfortunately the word "evaluation" has a negati\/e connotation for many educators. Thus, em- 
phasizing the ber efits of a sound evaluation is important. Evaluation should not be viewed as a 
mechanism for ide»)tlfylng who Is not doing a gocd job, but as a tool for helping educators do an even 
better one. 



Adapted from Program Planning Handbook, edited by James E. Davis (Boulder, CO* Social Science 
Education Consortium, 1983). Sorve of the original ideas for tl.is section were contributed by staff mem- 
bers of the Texas Education Agency. 




Conducting the Activity 



Materials Needed: Sufficient copies of Handouts 26 and 27; newsprint, marking pens, and masking 

Activity Objective: Participants shc»uid be able to (1) determine what program evaluation inform itlon 
should be collected. (2) decide how the information will be collected, (3) decide v*hat will be done with 
collected information, and (4) set evaluation p.lorlties. 

Suggested Steps: 

1. Review with i e group the general characteristics of program evaluation, using the Background 
Notes If desired. 

2. Distribute Handout 26. "Planning for Program Evaluation." Allow time for reading and discussion. 

3. Distribute Handout 27, Priorities for Program Evaiuatlon." (You might also wish to post a 
newsprint copy of the matrix in order to collect ideas from the planning group.) Ask participants to fill In 
the handout as completely as they can. Here are some examples you might suggest: 



Sources 

Students 

Teachers 
Building Adrn. 
Parents 



What Info? 

Standardized Tests 



Survey Forms 
(specify criteria) 

Observations 
(specify criteria) 

Survey 

(specify criteria) 



How? 

Admlnl^ier In Spring 

Administer in Decem- 
ber and May 

Written diaries 



Sample telephone 
survey 



What Done? 

Report to counselors and 
parents 

Report in writing to all 
Report to planning commi'.ee 



Summary report to committee 
and board 



4. Announce that because all sources of information cannot be tapped, some priorities must be set. 
Ask the group to discuss what the evaluation priorities should be. keeping in mind that the program Is 
new. Decide on the priorities and proceed with detailed olannlng. Planning should address* (1) In- 
strumentation design; (2) research design, if needed: (3) timing; (4) data analysis procedures; (5) report 
preparation; and (6) reporting. 
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Handout 26 



PLANNING FOR PROGRAM EVALUATION 



Planning for effective program evaluation requires that (1) the goals of the program have been 
decided upon and (2) the means by v/hlch propram goals will be attained have been selected. Once the 
rationale, goals, and student outcomes have been selected, course content has been chosen, and cur- 
riculum materials have been Identified and selected, the purposes of program evaluation can be 
defined. What areas are of most concern? On what aspects of the program should data be collected? 
What will be done with the findings? To whom will the findings be presented? 

This handout raises a series of questions that can help program planners decide on the most ap- 
propriate plan for evaluating a new SIS program. The handout suggests some concerns of teachers, 
school officials, and parents. 

Teachers. Teachers may have several reasons for evaluating the program. One concern may be 
the appropriateness of the program goals, another the usefulness of the selected curriculum materials 
in helping students learn. Teachers may also want to compare the results of the new program with the 
results of similar programs in other parts of the state or nation. Questions that might be of Interest are: 

1. Are the objectives for (my) course of study appropriate? 

2 Can my students attain the student outcomes? 

3. How usetui are the selected materials in helping students learn? 

4 What training do I need in order to best use new materials? 

5. What kinds of support do I need in order to effecttvely carry out the program? 

School Officials. A comprehensive evaluation of the STS program should reveal not only strengths 
but also areas for Improvements. Questions that school officials might ask are: 

1. What are the strengths and weaknesses of the STS program? 

2. Is th^ current STS program achieving district-wide goals and objectives? 

3. What type of changes and/or expenmentations should be conducted to improve the instructional 
program? 

4. What are the educational gains of our students as compared to those of students in other dis- 
tricts? 

5. What are the strengths and weaknesses of the STS teachers? 

6. What inservlce programs appear to be needed? 

Parents. As long as school is seen as a means of advancement or as a way of securing a place In 
socioty and as long as parents have hopes and fears for their children, parents will be concerned about 
children's educational progress A school evaluation program should, therefore, involve parents in the 
process as educational partners. Questions that parents might ask are* 

1. How good is the local STS program? 

2. Are students gai.iing in skills and knowledge as a result of the program'? 

3. Are the different educational needs of all students b'^ing met by the program'? 
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4. Are teachers trying different methods of teaching to meet the needs of the students? 

5. Are the evaluation data used to heip the students progress in the inst jctionai program'? 

6. How can the evaluation data be used by parents to help teachers help students? 

Many individuals and groups have a legitimate interest in how students are progressing and In what 
kind of job the schools are doing in meeting the educational needs of students It Is important for 
educators to remember that the purpose of program evaluation is to provide tesdback and guidance to 
the whole educational process at every level. 
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PRIORITIES FOR PROGRAM EVALUATION 



What Information 
Sources of Information Wai Be Obtained? 

Students 



Teachers 



Building Administrators 



Building Support Staff 
(e.g., Cour^selors) 



Central Office Staff 
(identify) 



bchool Board Members 



Parents 



Other (ag., Outside 
Expert Obsen/ers) 



How w:il information What Wiii Be Done 

Be Obtained? with Collected Information? 



HOW CAN WE EVALUATE STUDENT LEARNING? 



Background Notes 

The substance of education in STS demands use of a range of teaching strategies, bui many 
teachers hesitate to employ nontradltlonal strategies because they suspect that what students learn 
from such activities will be difficult lo evaluate. Teachers may need to be remlnaed that assessment of 
student achievement depends on the objectives of the lesson or unir, regardless of the teaching techni- 
ques used. Thus, many of the same techniques used in evaluating learning resulting from traditional 
teaching methods can be employed. 

Vh»s activity is designed to remind teachers of that fact and to familiarize them with strategies that 
can be used to evaluate achievement of knowledge, skill, and attitude objectives. 



Conducting the Activity 

Materials Needed: Copies of Handout 28; if possible, it would be useful to have participants bring ex- 
amples of their own quizzes or tests related to STS content. 

Activity Objectives: Participants should be able to (1) describe four general methods of evaluating stu- 
dent learning in STS education, (2) illustrate each of ;hese techniques with an example related to STS, 
and (3) list at least two advantages and two disadvantages related to each of these evaluation techni- 
ques. 

Suggested Steps: 

1. Tell participants that teachers at other STS workshops ^^round the cojntry have expressed con- 
cern about implementing alternative teaching strategies, such as role plays and problem-solving exer- 
cises, because they believe what students learn from such activities is difficult to evaluate. Why might 
this be true or untrue? What parts of a lesson or unit are most Important in determining how student 
learning wHI be evaluated? (Objectives) If objectives are written property, should the teaching strategy 
used affect how the learning Is evaluated? (in most cases no; In some cases, the strategy may result In 
student products that can be evaluated.) 

2. Tell participants that before one seler -opropriate evaluation techniques, each technique must 
be explored to grasp its advantages and Coadvantages. Distribute copies of Handout 28. Allow par- 
ticipants time to read this paper. 

3. Conduct a full-group discussion to clarify the main points of this paper and to answer any ques- 
tions participants have about th& techr^iques. 

4. Ask participants to classify the items on their tests or quizzes into the four methods. Which 
method or methods do they use most often? Which other methods would be appropriate? Have par- 
ticipants work in pairs to develop an itc:m or two using one of the methods they don't currently use. 

5. Conclude by stating that seiecttan of evaluation techniques always involves trade-offs -rarely can 
you choose the ideal instrument witfi no dk^dvantages. The best you can do is make the best possible 
selection and be aware of its limitations, it is important to remember that although teachers may have 
to plan a bit more carefully to evaluate learning that results from use of Jiternatlve strategies, the 
benefits are well worth it. 
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Handout 28 



ASSESSING STUDENT LEARNING AND ATTITUDFS 

Just as different forms of teaching can be useful In the area of sc'ence-related Issues, so too are 
there various ways of gaining evidence on . tudent learning and attitudes In this area. Good assessment 
can help clarify for students what they are expected to learn, how much progress they are making, 
where they need to improve, and whether they have achieved desired learning outcomes. Assessments 
also can help teachers plan, evaluate, and Improve Instruction, as well as assign grades to students. 

This handout discusses and Illustrates the role that can be played by objective test items, essays 
and related student products, questionnaires, and classroom observations In assessing stude^ earn- 
ing and attitudes. The focus Is on practical suggestions and concrete examples. 

Objective Test Items 

Objective test items are those that can be scored with little or no subjective judgment. They consist 
of ''response-selection'' items, which require students to choose an answer from a set of options, and 
"response-completion'' items, which require students to construct a response. The most common type 
of response-selection items are multlp!;^-cnolce, matching, and truo-false items. The most common type 
of response-completion items are flll-in-the-blanl< and short answer items. 

Response-selection items, partluularly multiple-choice and niatchlng items, tend to be demanding to 
prepare, but easy to score. Response-completion items, such as short answers, are generally easier to 
prepare than response-selection items, but they are more demanding to score. 

Using Objective items to Assess Knowiedge. Both response-selection and response-completion 
items can be used to assess what students Icnow about the scle ce and technology related to a social 
Issue. IHere are examples of matching, multiple-choice, artd short-answer items that assess students' 
Icnowledge related to issues of human health and disease. 



Exampie 1 (Matching item) 

The diseases and disorders we have studied In this unit are named below. Following this list Is a 
description of the diseases and disorders. Match each of the diseases/disorders listed to the cor- 
responding description b'' placing the con^ct letter (A-H) In the t»lanl< to the left of the description. 
Also indicate whether the disease/disorder Is caused solely by a genetic defect or by a combination 
of genetic and environmental factors, by placing the letter G (genetic defect) or GE (genetic and eu 
vironmental Influences) In !he blanic to the right of each description. 

List of Diseases/Disorders Causes 



A. 


Cervical tract syndrome 


G 


Genfidc Jafect 


B. 


Color bllrxJness 


GE 


Genetic and environmental influences 


C. 


Cretinism 






D. 


Down's Syndrome 






E 


Hemophilia 






F. 


Htntington's chorea 






G. 


PKU 






H. 


Sickie-ceii anemia 







Adapted from Personal and Social Issues in Science: Lessons from the Classroom, by Glen Fielding 
and Michael Flasca (Monmouth, OR: Oregon State System of Higher Education, 1987), Cha, r^r 4. Used 
by permission of the authors. 
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Descriptions of Diseases/Disorders (A-G) 


Cause (G or GE) 


1. 


A crippling, fatal disease that strikes 
mainly black people 




2. 


Retardation resulting from an extra 
chromosome 




3. 


A fatal disease whose symptoms may 
not appear until mkj-llfe 




4. 


Retardation that can be prevented at birth 
if low phenylalanine diet Is prescribed 




5. 


Blood-clotting disorder; the "royal" disease 








(Adapted from Carlson, 1985, pp. 40-41) 





Example 2 (multlpic-chclce item) 

Which one of the following statements about Huntington's disease Is TRUE? (Place a check In front of 
the correct answer.) 

People often do not show signs that they inherited the disease until rtiid-llfe. 

Long-term, carefully supervised radiation therapy sometimes cures the disease. 



If either member of a couple has the disease, there is a 10 to 15 percent chance that they 
would transmit the disease to their children. 

The disease tends to product, unusual bursts of mental c intellectual activity. 



Example 3 (short-answer item) 

In a few concise sentences, describe the type of services a "genetic counselor" provides. 



Note that the matching question in example 1 permits a teacher to assess many facu, concepts, 
and relationships In a single Item. This potential for comprehensive assessment of a set of related 
knowledge outcomes is an advantage of the matching format. If. on the other hand, a teacher wants to 
assess students' knov/ledge of a single fact, concept, or principle, a multiple-choice format is 
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preferable, as Is Illustrated In example 2. Multiple-choice Items permit a relatively thorough examination 
of students' knowledge of a particular point. 

Note that the Illustrative short-answer Item assesses whether students can generate, rather than 
merely select, an answer. Short-answer items therefore usually are harder for students, and somewhat 
more representative of "real life," than multiple-choice items measuring the same objective. As Indicated 
earlier, short-answer items also are more time-consuming to score. A t>alance between response-selec- 
tion and short-answer items Is generally desirable when assessing knowledge. In view of the ad- 
vantages and disadvantages of each format. 

Using Objective Items to Assess Thinking Skills. Objective items can yield Information on 
whether or not students have acquired basic thinking skills needed to analyze and evaluate statements 
about science-related social Issues. Here are three Items Illustrating how objective Items might be used 
In this regard. The first Is Intended to measure students' ability to recognize testable statements. The 
second Is Intended to measure students' ability to recognize the assumptions underlying a statement. 
The third Is designed to measure" students' ability to recognize possible sources of bias. 



Example 1 (Identifying testable statements): 

Below are some things people say about powdered potato and fresh potato. 
All except one of these statements can be checked to find out If they are true. 
Put a cross In the box by the one that cannot be checked scientifically. 

A. Powdered potato Is more useful than fresh potato. 

B. Powdered potato has less vitamin C than fresh potato. 

C. Powdered potato has more calories than fresh potato. 

D. Powdered potato has r lore water than fresh potato. 

E. Pow Jered potato has l€5,s protein than fresh potato. 



(Adapted from DES, 1982, p. 130^ 



Example (recognizing assumpi^ons underlying a statement): 

I want to be sure I do nor get cholera. I plan (O travei to Africa so I will get my doctor to give me a 
cholera shot before I fly there. Place an A in front of the statement that Is a correct assumption. 

If I don't get the shot3 I will s^t cholera. 

Taking cholera shots will prevent my getting ♦he disease. 

Typhoid fever Is more common In Africa than where I live. 



(Fiasca, n.d., p. 29) 
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Extmpte 3 (recognizing possible sources of bias or conflicts of Interest) 

Which one of the following sources of Information on the environmental effects of Industrial pollution 
Is likely to be most objective? (check the space In front of the correct answer) 

A. The President of Selpo Manufacturing, which Is located on the banks of the Hudson 

River 

B. A repc 1 prepared by a panel of university scientists, Industrial engineers, and 

government researchers 

C. A position paper prepared by the Union for Free Enterprise, an organization 

dedicated to decreasing government regulation of business 

D. A mother whose daughter experienced serious health problems after swimming In 

a polluted lake. 



Short answers also can yield valuable Information on students' critical thinking skills. Two examples 
of short answers follow: 



Example 1 

John said, "Coffee Is a bad drink." John's statement Is too vague to be scientifically checked or 
"teeidd." Restate John's statement so it could be checked. 



Example 2 

Sally's uncle ate an unusually large amount of nuts and berries each week of his adult life. At age 45, 
without warning, he died of a heart attack. Sally concluded that nuts and berries Increase the risk of 
heart attacks. 

Was Sally justified In drawing this conclusion? Explain, 
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Note that all of the examples above pertaining to thinking skills deal with simple, nontechnical situa- 
tions. The reason for using such day-to-day situations is to see whether students have acquired the es- 
sence of a particular skill, regardless of how much content they know. However, It is also possible tc 
assess students' ability to integrate and apply thinking skills with specific content knowledge. For ex< 
ample, if students were asked to evaluate a proposed piece of legislation on seabed mining, they would 
need not only the kind of basic thinking skills assessed in the preceding examples, but reasonably 
sophisticated knowledge about seabed mining. Generally, we find that objective Items are not the best 
means for assessing students' ability to make this kind of integrated application of knowledge and skill. 
Essays and similar product-related forms of assessment are more suited to this task, as will be dis- 
cussed later. 

Assuring Quality In Objective Items. It is beyond the scope of the handout to discuss principles 
of Item-writing in detail. For information on technical principles to be followed when constructing 
various types of objective Items, particularly multiple-choice Items, re^er lo Bloom et al., 1981; Fiasca, 
n.d.; Fielding & Schalock, 1985; Hopkins & Antes, 1979; Mehrens & Lehmann, 1984. A few simple 
guidelines for preparing test Items about social icsues deserve mention. One is that care must be taken 
to assure that an Item does not contain clues as to the correct answer. It's easy, for example, to fal! 
Into a pattern of making the correct answer longer than the "distractors" (the wrong answers), since 
correct answers tend to be more qualified, subtl ). or elaborate than incorrect choices. But if correct 
answers are consistently longer than distractors, students might choose longer options simply because 
they are longer. 

Another simple guideline is to chec!( to be sure thai each distractor is plausible. If a distractor is so 
obviously wrong that alert students would likely eliminate it even if they knew little about the problem 
defined by the Item, the distractor should be replaced. (One way to tell if a distractor is too obviously 
wrong is to see how many students select it on a test. If a very small percentage of students choose It, 
then It probably should be considered ineffective.) 

Finally, be surr; that there is only one answer to response-selection Items that experts would con- 
sider correct. For short-answer items, make sure the range of accBptable responses is limited. When 
time a; id circumstances permit, consider asking a jolleague to review Items to confirm that the correct 
or acceptable answers are in fact correct or acceptable. 

Essays and Related Written Products 

An essay is a written composition of at least one paragraph that expresses and supports an opinion 
on a social issue ^n science. Related to essays are written products such as a letter to an editor of a 
local newspaper on a science-related community Issue, a written proposal for legislation on a public 
policy Issue in science, or an Imaginative story on the social Impact of a particular technological innova- 
tion. Essays and related writing assignments give students a chance to Integrate and apply what they 
have learned, "^hey are more open-ended than short answers and often require divergent and creative 
thinking on the part of students. They also allow teachers to gain a fuller picture of students' thinking 
and valuing processes than do objective items. 

Essays and other written products can be prepared in response to socially significant scientific Is 
sueo, or to value and action issues. Writing dealing with scientific issues involves the objective applica- 
tion of scientific knowledge to a particular case. Writing dealing with value and action issues involves 
not only the reasoned application of knowledge, but the development of a personal point of view. 

Writing In Response to Scientific Issues. Scientific issues often take the form of open-ended 
problems about the likGly effects of a particular technological product or process on the natural or so 
ciai enviroHTient, on human health or safety, or on personal lifestyle. These issues do not call for value 
judgments or proposals for actions, but for an impartial appraisal of a situation. T ollowing is an example 
of an open-ended written exercise dealing with acid rain 
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Example: 

Mary Is goinp to hike Into a lake In the Oregon Cascades. Fifteen years earlier, Mary had been to the 
same lake to conduct a study for the Oregon Flih and Wildlife Co: omission. At that time, the lake was 
a typical high mountain lake surrounded by .-coniferous Xr^ez on three sides and some alders, blrch^c, 
and maples on the more level, meadow side of me lakfi The lake had been a favorite fishing spot for 
her father and grandfather, producing many shrimp fed rainbow trout. She learned that crawfish from 
the lake were good bait for the fish. 

Describe the changes you think might have occurred in the plants and animals of this environment If 
acid rain had significantly affected the area. Make specific refeic'ros to the assigned reading to sup- 
port your hypotheses. 

The following criteria will be used to evaluate your response: 

1 point will be given if your response is clear and well organized. 

1 point will be given If the osponse Is logically supported by specific references to ' 
background reading. 

2 points will be given If the response shows "In-depth" thought; that Is. a careful and thorough 
consideration of the possible effects that acid rain might have had on this environment. 



W.'iting In Response to Value anrt Action Issues. Essays and similar student products are excel- 
lent vehicles for assessing students' ability to respond critically and creatively to value and action issues 
in science, and for determining what students have learned from discussions and debates. Below Is an 
example of the way written tasks can be used for this purpose. Note that these tasks require more than 
predicting consequences or performing technical analysis. They require students to Integrate 
knowledge, skills, and personal beliefs and attitudes In fashioning a response. Note also that the writing 
task is me&nt to be done in stages, over time, with opportunity for feedback from the teacher before a 
final product is submitted. ^Jomplex essays and related products are probably best prepared under 
these conditions, rather than In a test situation. 



Example: 

We have read several articles during this unit on the problems caused by nonbiodegradable dis- 
posable diapers. Diapers of this type are often found in streams and rivers, on beaches, In parks, and 
at wayside stops along our highways. It appears that this kind of careless disposal of diapers runs the 
risk of contaminating water supplies and spreading disease. Disposable diapers are. however, a great 
convenience to many families. 

Write a letter intended for the local newspaper that explains what you think both individuals and the 
government should do to deal with the problem of disposable diapers. Be specific! Give reasons to 
support your proposals for action. 

Your letter will be evaluated according to how effective and workable your proposals are, and how 
consistent they are with the principles of ecology that we hove studied. Also, the clarity and organiza- 
tion of the letter will count In your grade. (The specific "scale" I will use to score your letter Is con* 
tained on the back of this page.) 

A first draft of your letter Is due In three days. I'll give you some feedback on this draft, with sugges- 
tions for improvement. The final draft, which will be graded, will be due two days aftf I return your 
first draft. 
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RATINGS 




CONTENT 

(Characteristics or 
proposed solution) 


3 


2 


1 


EFFECTIVENESS 


Contains convincing 
evidance that the 
solurlon will produce 
the resuKs desired 


Contains some pvi- 
dence on effective- 
ness, but needs more 


Contains Mttlp or no 
evidence on effec- 
tiveness, or Irrelevant 
evidence 


ENVIRONMENTAL 
IMPACT 


Contains convincing 
evidence that thp 
solution will preserve 
the Integrity of the 
environment 


Contains some ev'- 

ciQnrQ nn pnuirnn. 

mental Impact, but 
needs more 


Contains little or no 

CVIUCIIUC UI1 CIIVIIUII- 

mental impa-^t, or 
irrelevant evidence 


PRACTICALITY 


Contains cnnvlncinn 
evidence that the 
solution is realistic 
and reasonably easy 
to implement 


r^nntj)in<t Qnmo owi- 

dence on oracticality, 
but needs more 


wUlllCllllO lllllC Ul IIU 

evidence on prac- 
ticality, or irrelevant 
evidences 


FORM 








ORGANIZATION 


Clear and easy to 
follow 


Generally clear, but 
some parts confusing 


Jumbled 


MECHANICS 
(Grammar, punctuation 
capitalization, spelling) 


Consistently correct 


Generally correct; 
occasional errors 


Frequent errors 



General Considerftiions in Developing Essay-Type Assessments. Through the illustrations 
shown above, we have suggested two key principles In constructing essay-type questions. One Is that 
the question or assignment given to students ought to have a clear focus. It's tempting to ask very 
open-ended questions, such as "What should be done in your opinion about the problem of toxic was- 
tes?" or "Is research on recombinant DNA good or bad?" Such broad, vague questions are difficult to 
respond to Some limits need to be placed around a topic or assignment for students to know how to 
begin developing a response. 

Another key guideline reflected in the exanriples is to establish explicit standards for evaluating es- 
says or other products and communicate them to students before they begin writing. When students 
know how their work will be judged, they have a clear target. Also, when evaluation standards are com- 
municated in advance, students tend to regard evaluation as fairer than when standards are known only 



lOj 



103 



to the teacher. Finally, establishing explicit evaluation standards Is helpful to the teacher t)ecause it 
enables him or her to rate papers more consistently. 

Attitude Quettlonnaires 

This section focuses on the assessment of student attitudes. Fostering student attitudes with 
respect to social Issues In science Is as Important as developing knowledge and skill In this area. 
Without positive attitudes. It is doubtful that students will continue to learn and act upon science-related 
Issues outside of school. 

Questionnaires can provide a relatively simple and efficient means of assessing student attitudes. 
Information from attitude questionnaires, although not relevant for grading, can be useful In evaluating 
the effects of Instruction in the ' affective domain" and for making Instructional plans and improvements. 
In this section, v.<^ identify major categories of attitudes you might wish to assess through a question- 
naire. Illustrate different question formats, and provide some general guidelines for constructing ques- 
tionnaires In this area. 

What Might Be Aaaessed Through a Questionnaire. Four major categories of attitudes related to 
personal and social Issues are the focus In this section. One concerns the degree to which students 
have interest In the study of social issues and participation In Issue-re'ated activities. For example, a 
teacher might want to determine the degree of importance students attach to studying, or keeping in- 
formed about, socially significant science proble ns, or the degree to which students have an interest In 
conveying their views on science Issues to poiicy-nri^kers or business or community leaders. 

Another category of attitudes concerns student confidence. Do students believe that they are 
capable of understanding social problems related to science? Do students trust that their own opinions 
will be worthy of conslderailon? Do students have confidence that people will want to listen to their 
opinions, or that they can actually exert an influence on public decisions on science-related Issues? 

A third type of attitude that might be assessed through a questionnaire concerns student preferen- 
ces. Do students prefer to leam about social Issues through one type of activity versus another (lec- 
tures versus textbook assignments, labs versus films, discussions ve.sus simulations, etc.)? Do they 
prefer to work alone or with others? Do they prefer to express their opinions on Issues In writing or oral- 
ly? Information on student preferences can be helpful In adapting instruction to Individual students' 
teaming styles. 

Finally, attitude questionnaires also might focus on habits and behaviors that seem to express and 
reinforce positive, responsible attitudes toward science and Its application. Here we refer to such be- 
haviors as turning off faucets and unneeded lights, separating trash for recycling, picking up litter In 
parks and similar public settings, and so forth. The National Assessment of Educational Progress has In 
fact Included Items op a nationwide student survey that dealt with these types of habits and behaviors 
(NAEP 1979). 

Question Formats. As was mentioned In regard to objective test items, a fundamental distinction In 
Item formats Is between response-selection and response-construction Items. The former require stu- 
dents to choose an answer from a set of preestabHshed options. The latter ask studin^s to create their 
own answers. Response-selection Items on questionne^lres often are referred to as "closed" items; 
response-construction Items often are referred to as "o^en" items. Here are examples of closed and 
open items: 



In. 




Example (dosed ite.i)): 

During each of the past three unit^. we have spent a couple of days studying a social prol^lem related 
to science. Do you feel we should continue or stop studying science-related social problemc? (Check 
the answer that best expresses your feelings.) 

A. Wo definitely should continue 

B. We probably should continue 

C. I don't know 

D. We probably should srop 

E. We definitely should stop 



Example (open item): 

Durinn each of the past three units, we have spent a couple of days studying a social problem related 
to SI ^ce. Do you feel we should continue or stop studying science-related social problems? Why? 



The obvious advantage of the dosed form Is that it Is easier and less time-consuming for students 
to answer and for teachers to ''score" and Interpret. The advantage of the open form Is that it permits 
students greater freedom In developing and expressing their feelings. It also may produce unanticipated 
types of responses. 

One way to maintain some of the advantages of each item form 1? to use a mixed form. A mixed 
fonti presents a closed item, but then Includes an open space for student comments. For example, 
after the closed item above, a space could be provided In which students are given the option of 
eiaLoratIng upon their response In a few sentences or a paragraph. Another comi on pattern Is to use 
the closed format for the bulk of the items on a questionnaire, but then to Include several open items 
toward the end of the Instrument. 

Specific Types of Closed Items. Four types of closed items are useful: (1) two-way measures, (2) 
category scales, (3) checklists, and (4) rank-order scales. 

Two-Way Measures. This Is perhaps the simplest type of closed item. It presents students with two 
alternatives, such as yes-no, approve-dlsapprove, more-less. 



Example: 

Did you participate in the "Clean Up the Park" campaign this spring? 
Yes No 
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Two-way items are appropriate when there are two clear-cut responses to a situation. As the ex- 
ample alxjve suggests, questions alDout whether students engaged in particular behaviors that might In- 
dicate an interest in social issues of t can be written in a two-way form. However, two-way Items per- 
mit no "gray area in students* responses. Nor do they allow any distinctions to be drawn In the Inten- 
sity or strength of students' feeling or the frequency of their behavior. The use of this type of item In the 
area of social Issues Is therefore fairly limited. 

Category Scales. In this format, a category of response to a statement or question is Identified, 
such as the category of "agreement-disagreement." Various degrees of levels of response within the 
category are then established und translated into points on a scale, for example, a five-point scale, In 
which 1 might represent "Strongly Disagree" snd 5 "Strongly Agree." A category scale permits students 
to Indicate the Intensity of their feelings about something. Here are two examples of category scales. 



ExampI* 1: 

For me. I<eeplng up with news about scientific discoveries and inventions Is of: 

A. no importance 

B. little importance 

C. som'' importance 

D. considerable importance 

E. great importance 

F. I don't know 



Example 2: 

If an energy company proposed a plan for ^ Jilding a nuclear power plant In our area. I would attend 
a public meeting to find out more alwut the plan. 

Strongly Disagree Disagree Neither Agree Agree Strongly 

nor Disagree Agree 
^ 2 3 4 5 



Category scales are reiatively easy to design. Students themselves, through informal class discus- 
sion or casual comments, often supply statements that can be used when constructing category scales 
For example, students sometimes say things like: "You can't really do anything about these social 
problems we've been studying, so why do we bother writing about what we would do to solve them? 
Anyway, who cares what we thinl< about these things." To get a sense of how widespread such at- 
titudes are. you could develop an item using essentially students' own language and feelings as a stem. 

Category scales can be used to assess a range of attitudes and feelings and to determine whether 
changes in attitudes have taken place over a period of time. They are probably the most widely used 
type of item on classroom attitude questiont^alres. 

Checklists. A checklist presents students with a series of statements or other response options that 
relate to a particular topic. vStudents are asked to'check the response or responses that apply to them. 
Checklists are good ways for students to indicate actions or behaviors they have carried out. or plan on 
carrying out. related to social aspects of science. 
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Example: 

During the past three weeks. Jid you (Check each space that applies): 

talk with a friend, family member, or neighbor about any of the science-related social problems 

weVe been studying In class? 

read a newspaper report or magazine article that dealt with a scientific topic? 

watch the television documentary on genetic engineering broadcast by PBS? 

visit the special exhibit on laser technology at the Wesley Museum of Science? 

do other things outside of class related to science? If you check this space, describe the 

things youVe done: 



As the example above suggests, checklists can point out things to students that they might not 
think or remember to say if asked a purely open-ended question. 

Rank-Order Sca/es. Rank-order scales ask students to place each Item In a series along some type 
of continuum, for example, from most frequent to least frequent, from most valuable to least valuable, 
or from most preferable to least preferable. 



Example: 

From which of the following types of class activities do you feel you have learned the most? Put a "1" 
next to the activity you feel you have learned the most from, a "2" next to the one you have learned 
the second most from, and so forth If you don't feel that you have learned more from one tyoe of ac- 
tivity than another, check the last space. 

Lectures 

Laboratory activities 

Discussions 

Computer simulations 



None of the above has been more or less of a help In learning than the others 



Rank-order scales are useful In that they allow students to compare feelings toward one thing with 
feeling towards another, or their Interests In engaging In one type of activity vp^sus another. 
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G^ntral GuidelinM for DMignIng AttKude Quettionnah^t. Several guidelines for constructing at- 
titude questionnaires are presented in the following paragraphs. More detailed Infomnatlon on this topic 
can be found In l)ooks by Fink and Kosecoff (1985); Henerson, Morris, and FItz-Glbbon (1978); and 
Mehrens and Lehmann (1984), 

One suggestion for writing questions Is to make them concrete. A question like "How Interested are 
you In keeping Infomied about science-related community Issues?" probably would be too abstract and 
vague for most students to respond to. A more concrete item addressing this subject might look some- 
thing like the example below. 



Example: 

We've been reading articles from the local newspaper on land-use questions that our community 
faces, if artkdes on land use questions appeared in the newspaper In the future, would you read them 
on your own 

1 . No, definitely not 

2. Probably not 
3. 1 don't know 

4. Probably 

5. Yes, definitely 



Another suggestion Is to focuc each item on a single idea. If a question deals with more than one 
Idea, it Is difftoult for students to respond to and for teachers to Interpret. For example, consMer the fol- 
lowing 'double-barreled" item: Indicate your degree of agreement-disagreement with this statement: "I 
like science dass because we get to do laboratory activities," (1= Strongly Agree; 5= Strongly Dis- 
agree). It would be better to ask first about students' feelings towards science class, and then, for those 
who Indteate positive feelings, ask other questk^ns about the reasons why. 

A third suggestion Is to avoM asking questions that all or almost all students are likely to give the 
same response to. The following statement, for example, might elicit the same response among 
dassmembers: "Which do you prefer to do: watch TV or study science?" Items on a questbnnaire, like 
Items on achievement tests, aren't much gooC If they fall to differentiate among students. Try to con- 
struct Items that will reveal differences among students. 

A fourth suggestion is to conskJer asking several questions that relate to the same attitude. Includ- 
ing different questions dealing with the same underiying attitude can help assure that you are assessing 
what you really want to assess. For example, if you asked three questions about students' Interests In 
scientific topk:s, and students responded In a similar manner to each, you probably would have more 
confMence In the conclusions you reached about students' Interests thar. f you asked just one ques- 
tion. 

Finally, we would emphasize the Importance of assuring students that results from attitude ques- 
ttonnafres have nothing to do witn their grades. To reinforce this point, you might wan! to ask students 
to respond anonymously to questionnaires. Students need to know that they can respond honestly to 
questionnaires without risking any negative consequences for doing so. 

Clastroom Obaervatlona 

Procedures for observing students' use of particular skills, processes, or behaviors are a valuable 
part of a teacher's assessment repertoire. Observations of discussion skills, cooperative problem-solv- 
ing processes, and behaviors that show responsible attitudes toward technology and its uses (using lab 
equipment properly and safely; using recycled paper, when feasible; picking up litter, etc) are Impor- 
tant sources of information when planning and Improving Instruction In the area of social Issues, 
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Compared to objective test Items, essays and questionnaires, observations can be difficult to struc- 
ture and Interpret. The other forms of assessment Involve each student's producing a tangible response 
or product (an answer sheet, written document, or completed fomi) that can be examined, and re-ex- 
amined, when the teacher has time. When using observational procedures, the teacher must actually 
see wliat Is being assessed as It is occurring (unless, of course, a videotape Is nr^ade of student be- 
havior; this possibility Is discussed later). In a class of 30 students, it Is, needless to say, difficult to ob- 
serve each student as carefully and fully as one might wish. 

Because of the practical difficulties of conducting systenr^atlc and complete observations of each 
student's perfomiance and behavior, we recommend that effort be made to prepare students to ob- 
serve each other's skills. 

We also recomnr)end that, when appropriate, observations focus on the behavior of a group as a 
whole, rather than on Individuals. When assessing group communication, cooperation, or problem- 
solving skills, for example. It generally Is best to obsen/e how a group behaves as a unit. For example, 
you, or students who are trained as "process obsen/ers," might sit outside a group and use a checklist, 
such as the one shown below, to kientify whether the group Is carrying out key functions, such as es- 
tablishing clear goals and achieving effective compromises. In this conte'ct. the focus would be on the 
group's effectiveness, not on a particular Indivklual's skills. 



EirMmnlr ^nh^Arvatlnnfll rhfirkiistV 




Yes No Can't tell 


Comments 


1. Group members check to make sure everybody 




Is clear about what the group Is trying to 




accomplish. 




2. Each group member participates. 




3. Group members engage In constructive 




give-and-take. 




4. The group sticks to its task. 




5. The group works without Interfering with other 




groups. 




6. The group checks Its progress toward 




accomplishing its goals and modifies its 




processes, if neoded. 




7. The group records and summarizes what It has 




accomr)llshed. 





We suggest, furthermore, that you corislder videotaping some of the situations (class discussions, 
small-group problem-solving sessions, etc.) you or your students are observing and discuss the tape 
with the class. If this Is too embarrassing or threatening for students, you may wish to use tapes of per- 
tinent situations made elsewhere-for example. In a class taught by a colleague In another school. 
Siiowing tapes of such situations enables you to Identify and discuss with the class concrete examples 
of the skills or processes you want to develop. 

We recognize that students having difficulty In discussions, simulations, field activities, or other 
situations might require focused and sustained classroom observations In order to pinpoint behavior or 
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performance problems or to document that improvements in behavior/performance are being made. In 
such cases, anecdotal records (written notes recording specific, significant incidents of student be- 
havior -either undesirable or desirable) might be maintained, or the teacher might want to personally 
observe a student's participation patterns in group discussions or projects, using structured checklists 
or rating scales. 

Finally, we emphasize the care that must be taken if a teacher wants to use observations for pur- 
poses of grading. We recommend that this be done only If and when observations are plar.ned and 
canled out in a highly systematic nranner. so tnat students know just what skills are to be observed, the 
conditions i»nder which the observations are to be carried out, and t!ie standards to be used when 
evaluating Information obtained through the observations. 
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APPENDIX A: TRANSPARENCY MASTERS 



The materials provided here are used. In several of the training activities In this volume. Because 
some contain conslderat3le text, you may find them more suitable for use as handouts than transparen- 
cies, although use of transparencies will reduce the copying requirements. The ultimate decision of how 
to use these materials rests with the Individual trainer 
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Transparency A 



SCIFNCE/TECHNOLOGY/SOCIETY 



Science -A systematic, objective, empirical approach to asking questions and 
looking for answers. 

Technology -Th J application of knowledge to the solution of practical 
pre lems. 

Society -The collective inte. actions of human beings at local, national, and 
global levels. 



SCIENCE 



SOCIETY 
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A RATIONALE FOR STS EDUCATION 

One can neither perceive 'contemporary events accurately, nor think effective- 
ly about them, nor act responsibly as a citizen in a modern democracy without learn- 
ing about science and technology as powerful cultural forces. 

Modern societies, such as the United States, are increasingly propelled and 
changed by advances in science and technology -distinct and synergistic ways of 
knowing about and altering the world. Sciences (processes of knowing about nature 
and society) and technologies (ways of using knowledge to satisfy human needs or 
wants) are combined in modern societies to provide increasing human control over 
natural and social environments. Tremendous, ongoing achievements ha/e spawned 
great hopes, fehrs, and controversies associated with a plethora of developments 
(e.g., nuclear power, genetic engineering, organ transplantation, robotics, pesticides). 

In a democracy, citizens have the right and responsibility -as voters, con- 
sumers, workers, and officeholders -to participate in decisions about issues related 
to social uses of science and technology. The success of individuals and their 
society is tied to the quality of these choices, which varies with the knowledge and 
cognitive skills of decision makers. The vitality of our American democracy depends 
upon widespread ability of citizens to think effectively about developments in science 
and technology and their effects on the world. Therefore, a central mission of 
American schools should be education on science and technology in a social con- 
t^. T s kind of general education for citizenship is likely to help students from all 
social g.oups understand more fully their own civilization and its connections to the 
world, to think more effectively, to act more productively, and to participate more 
responsibly in the democratic process. 
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KNOWLEDGE, SKILLS. AND ATTITUDES IN STS 



A. Goals 



1. Acquisition 
of Knowledge 



2. Utilization of 
Cognitive Process 
Skills 



Related to Science/ 
Technology/Society 



Based on Inquiries in 
Scienoe/T echnoloyy/ 
Society 



B. iMeans 



Through Study 
Content in Three 
Areas of Emphasis 



By Means of Three 
Types of Intellectual 
Activity 



C. Content 
and 

Activities 



STS Interactions 

Concepts/T opics 
STS Issues 



Processing Information 

Problem Solving 
Making Civic Decisions 



3. Development of 
Values and Attitudes 



About Practice of 
Science and Technology 
and Democracy 

As an Outcome of Educa- 
tional Experiences That 
Emphasize Two Kinds of 
Affective Orientations 

Values In Processes of 
Science 

Values in Democracy 



111 



1',; 



Transparency D 



STS ISSUES 

Population Growth 

(world population, immigration, carrying capacity, foresight capability) 

Water Resources 

(waste disposal, estuaries, supply, distribution, ground water contamination, 
fertilizer contamination) 

World Hunger and Food Resources 

(food production, agriculture, cropland conservation) 

Air Quality and Atmosphere 

(acid rain, C02, depletion of ozone, global warming) 

War Technology 

(nerve gas, nuclear developments, nuclear arms threat) 

Energy Shortages 

(synthetic fuels, solar power, fossil fuels, conservation, oil production) 

Land Use 

(soil erosion, reclamation, urban development, wildlife habitat loss, 
deforestation, desertification, salinization) 

Human Health and Disease 

(infectious and noninfectious diseas. a, stress, noise, diet and nutrition, exercise, 
mental health) 

Hazardous Substances 

(waste dumps, toxic chemicals, lead paints) 

Extinction of Plan Is and Animals 

(reducing genetic diversity, wildlife protection) 

Nuclear Reactors 

(Nuclear waste management, breeder reactors, cost of construction, safety, 
terrorism) 

Mineral Resources 

(nonfuel minerals, metallic and nonmetallic minerals, mining, technology, 
low-grade deposits, recycling, reuse) 
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Transparency E 



UNIFYING CONCEPTS FOR SCIENCE, TECHNOLOGY, AND SOCIETY 



CONCEPTS 



DEFINITIONS 



SYSTEMS AND SUBSYSTEMS 



ORGANIZATION AND IDENTITY 



HIERARCHY AND DIVERSITY 



INTERACTION AND CHANGE 



GROWTH AND CYCLES 



PATTERNS AND PROCESSES 



A system is a group of related objects that 
form a whole or a collection of materials 
isolated for the purpose of study. Subsystems 
are systems contained entirely within another 
system. 

Systems have identifiable properties. There 
are boundaries, components, flow of 
resources, feedback, and open and closed 
aspects of systems organization. Changes in 
properties may cause a change in the 
system's identity. 

Matter, whether nonliving or living, is 
organized in hierarchical patterns and systems. 
Hierarchical levels of organization range from 
subatomic to cosmic. There is increasing 
complexity of organization within physical, 
biological, and social systems. Diversity can 
increase the stability of systems. 

Components within systems interact, and the 
systems interact with each other. There is 
usually evidence of the interaction. Evidence 
of interaction provides opportunities for 
identification and analysis of causal relationships. 
All things change over time. The course of 
change may be influenced to modify the 
properties, organization, and identity of 
systems. 

Linear growth occurs by a constant amount 
over a time interval. Exponential growth occurs 
by an increasing rate (at a constant 
percentage) over a time interval. Some 
systems change in cycles. 

Interactions, change, growth, and cycles 
often occur in observable patterns and as a 
result of identifiable processes. 
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CONCEPTS 



DEFINITIONS 



PROBABILITY AND PREDICTION 



CONSERVATION AND 
DEGRADATION 



ADAPTATION AND LIMITATION 



EQUILIBRIUM AND 
SUSTAINABILITY 



Some changes are more predictable than 
others. Statistical calculations provide some 
degree of accuracy (a probability) in the 
prediction of future events. 

Matter and energy are neither created nor 
destroyed. Both may be changed to different 
forms. This is the first law of thermodynamics. 
Considered as a whole, any system will tend 
toward increasing disorder. This is the second 
law of thermodynamics. 

All systems respond to environmental or 
cultural challenges. There are limits to 
environmental, organismic, and social changes. 
Adaptations may be biological, physical, 
technological, social, political, or econonnic. 

Equilibrium occurs when components of a 
system interact in ways that maintain a balance. 
Due to adaptation, growth, and change, all 
systems exist on a continuum from balanced 
to unbalanced. The extent of the equilibrium 
or disequilibrium is a function of the system's 
capacity to carry the load created by factors 
operating in and on the system. A social 
system is sustainable if its organization results 
in stability of its natural resources and 
environment. 
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Transparency F 



COGNITIVE PROCESS SKILLS FOR STS 



SKILLS 

Processing Information 

QUESTIONING AND SEARCHING 



OBSERVING AND ORGANIZING 



MEASURING AND CLASSIFYING 



COMPARING AinID CONSERVING 



ANALYZING AND SYNTHESIZING 



DEFINITIONS 



Curiosity and questions about the world are basic 
to Inquiry skills. Thus, locating or discovering 
Information based on questions Is essential. 
Informal Inquiry -questioning and searchlng-are 
first steps toward scientific and technologic 
problem solving and personal and social decision 
making. 

One or more senses are used to gather 
Information about objects, events, or ideas. Once 
observed and gathered, Information must be 
grouped In relation to space, time, and causal 
relationships. 

Elements of these skills are counting objects or 
events, establishing one-to-one correspondence, 
and organizing objects according to numerical 
properties; quantifying descriptions (e.g., length, 
width, duration) of objects, systems, and events In 
space and time; forming meaningful groupings; 
putting objects or events In order by using a 
pattern or property to construct a series 
(seriatlon). Classifying Includes defining similarities 
and Identifying subsystems based on a property 
and anBngIng subsystems and systerrs In a 
hierarchy. 

Comparing Involves identifying similarities, 
differences, and changes In objects and systems 
In space (local to global) and time (past, present, 
future). Conserving Involves understanding that 
quantitative relationships between materials and 
systems remain the same even though they have 
undergone perceptual alterations. 

Information Is reduced to simpler elements for 
better understanding of the organization and 
dynamics of objects, systems, events, and ideas. 
Analysis Includes describing components, 
clarifying relationships amOiig systems or 
subsystems, and Identifying organizational 
principles of systems. Where analysis stresses 
reduction and parts, synthesis stresses 
construction and the whole: bringing together 
Information to form unique organizations, 
pattems, or systems. Understanding that the 
whole Is greater than the sum of parts Is part of 
synthesis. 
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Problem Solving 



IDENTIFYING AND DESCRIBING These skills extend those of gathering Information 

to problem solving. Problem Identification and 
description are first steps In formal Inquiry. 
Included are identification of personal and/or 
social problems, gathering information, and 
describing what Is l<nown and unknown about a 
problem. 

HYPOTHESIZING AND PREDICTING When confronting a problem, one must make 

reasonable guesses or estimates based on 
Infonnatlon. Included are making statements of 
conditlonality - "If, , .then , , - concerning a 
problem and predteting possible conclusions. 
Inductive (specific to general) and deductive 
(general to specific) thinking as well as 
propositlonal thinking are Included. 

SEPARATING AND CONTROLUNG Applying logical patterns of reasoning -whether 

to the design of formal experiments, analysis of 
data, solution of problems, or evaluation of 
policies -Is based on the skHI of separating and 
controlling variables. Making clear how a 
condition or event Is similar to or different from 
other conditions or events Is part of this skill, as Is 
Identifying factors and all possible combinations 
of factors relative to a problem. Factors must be 
controlled and one variable clianged to determine 
how it Influences reactions. Hierarchical thinking Is 
used In such tasks as building classification keys. 

Decision Mailing 

EXPLORING AND EVALUATING Describing the decision to be made, using skills 

developed earlier to Identify and gather 
information, converting Infomnatlon to alternatives, 
and sxamlnlng the consequences of different 
decisions are all part of the exploration of a 
decision, evaluating consists of making value 
Judgments based on the Internal consistency of 
Information and clearly defined external criteria 
such as costs, risks, and benefits of alternatives. 

DECIDING AND ACTING Deckling Involves selecting from among 

alternatives to make an Intelligent and responsible 
choice. Available Information Is used to Justify the 
decision. Ways and means of taking responsible 
action are klentifled to reduce or eliminate 
problems. 
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Transparency G 



VALUES AND ATTITUDES FOR STS 

Valuea/AttHudes Explanation 

VALUES, ATTITUDES, AND ASSUMPTIONS 
ABOUT KNOWLEDGE 



Methods of Inquiry In science are embedded 
In a network of values, attitudes, and assump- 
tions (statements accepted as true without 
proof) and knowledge -what it Is and how it 
Is produced. 



1. Knowledge Is never complete and humans 
should engage In the quest for it. The forms and 
sources of hunrian knowledge have limits. There 
are always more questions than answers, and the 
body of knowledge on any topic Is never 
adequate. Furthermore, seeking and producing 
knowledge are worthy human endeavors. 

2. Knowledge changes over time, as does the 
structure of knowledge. This distinction Is as 
subtle as it Is significant. Obviously, the 
Information we possess on a topic changes as 
more Is learned. But it Is also true that the way 
that Information Is processed, organized, and 
evaluated changes. Facts thought unimportant at 
one time may prove central to the scientific 
enterprise at some other time. 

3. The physical world can and should be known 
through the processes of scientific Inquiry. 
Scientists believe that the physical world exists 
Independently of human perceptions, that it can 
be known through objective, empirical 
Investigation, and that acquiring this knowledge Is 
worthwhile. 

4. The physical world operates under a set of laws 
that are constant, thereby permitting prediction. 
Scientists assume that the laws governing objects 
and phenomena are the same across time arid 
space. 

5. Phenomena should be described and explained 
In mechanistic terms without using supr-natural 
Interventions. Whether supernatural forces may be 
at work Is unknown and unknowable to the 
scientist. The scientist looks not for purpose of 
deliberate design, but for the character and 
function of objects or phenomena as they exist 
now or as they have existed In the past. 

6. Every cause has at least one effect and every 
effect has at least one cause. The altii of science 
Is to develop necessary and sufficient 
explanations for natural phenomena; while this 
goal Is not achieved, it nevertheless ser/es as an 
Ideal. Researchers attempt to sort the range of 
causes and to assign relative weights to specific 
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VALUES, ATTITUDES, AND ASSUMPTIONS 
ABOUT PERSONS ENGAGED IN SCIEN- 
TIFIC INQUIRY 

Characteristics of persons engaged In scien- 
tific Inquiry are linked to values, attitudes, and 
assumptions Involved In the heuristics of 
science. 



variables within a large set. Though more 
complicated In expression, the fundamental 
principle of cause and effect Is still at worl<. 

7. Data do not necessarily speal< for themselves. 
A single body of data may logically support more 
than one conclusion, just as different bodies of 
data may support a single Interpretation. 
Inferences from data are made by humans and 
are, therefore, fallible constructions. Conclusions 
must be viewed as tentative and subject to 
refutation. Thus, responsible sl<eptlclsm and 
criticism are continuing activities within the natural 
and social sciences. 

8 If observations are valid, they are repllcable. 
Single-source, one-time reports are Insufficient 
evidence. Replication Is an essential activity In 
both the natural and social sciences. 

9. Scientific explanations have an aesthetic 
quality. This Is the "elegance" of experiments, 
hypotheses, and theories. When the pans of an 
Intellectual puzzle fall neatly Into place, the result 
has beauty. 

10. Knowledge Is more likely to approach the 
ideal of truth when obtained objectively. Data 
obtained from controlled experimentation have 
greater validity than opinion, conjecture, and even 
judgment based on experience. Thus, objectivity 
Is valued In the pursuit and production of 
knowledge. 



1. There Is value In diversity of Ideas and a 
commitment to remaining open-minded In 
confronting competing ideas. Science requires its 
practitioners to sift through alternative 
hypotheses, all of which must be assumed 
plausible until empirically refuted. Science grows 
through the testing and accepting or rejecting of 
competing Ideas. 

2. Knowledge Is good. Science -by definition a 
search for answers to questions -rejects the 
maxim that Ignorance Is a satisfactory state of 
affairs. The sclentiflcally-mlnded prefer empirical 
knowledge as explanations for objects, events, 
and phenomena In the physical and human 
environment. 
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3. Curiosity Is essential to scientific progress. 
Science Is the enterprise of the curious. We 
assume that science continues with a vigor 
roughly proportionate to the cM^^'-^ity of Its 
practitioners. 

4. Prudence resides in the tendency to defer 
judgment until the facts are available and can be 
assessed rationally. Like other people, natural and 
social scientists must make decisions In the face 
of Incomplete data, but the sclentifically-mlnded 
person is prone to seek out relevant facts, 
consider options, and postpone judgment until 
data are analyzed. 

5. Logic Is an essential attribute. The resolution of 
problems through logical aoproaches Is central to 
the methods of science. This is not to Ignore the 
often-critical place of intuition and creativity In 
anriving at new procedures or answers. The test of 
new knowledge lies, however, in the appeal to 
data and logic In the construction of new theories. 

6. Patience and perseverance are Important 
qualities for scientific research. The 
scientiflcaiiy-minded believe that there Is value in 
sticking with a task, even when conventional 
wisdom might suggest a gallant retreat. 
Perseverance also means dedication to an idea or 
an ideal and a high level of tolerance for the 
monotony and frustration of continued long-term 
investigation. 

7. Error may be honorable In the honest search 
for knowledge and applications. Criticisms from 
other scientists and refutation of assertions are 
part of the process of science. Sometimes 
scientists defend their kieas beyond the 
reasonable canons of scientific inquiry, but the 
value of "honor In error" Is a goal, even If one not 
too often achieved. 



VALUES, ATTITUDES, AND ASSUMPTIONS 
ABOUT CITIZENSHIP IN A FREE SOCIETY 

Values and attitudes In science are com- 
patible with civic values In a free society. 
Progress In science depends upon open com- 
munication, free speech and press, freedom 
of assembly, and academic freedom, which 
are basic values of the American constitution- 
al democracy. 



1. Civil liberties and rights of individuals are 
protected by law and the U.S. Constitution. A 
basic value of a democracy Is freedom to think 
and express Ideas, even if they are unusual, 
unpopular, or critical of prevailing practices and 
beliefs. Freedom to think, examine, and express 
ideas Is, of course, critically Important ^o the 
vibrant exercise of scientific Inquiry. 

2. Social pluralism and diversity are accepted and 
encouraged within reasonable limits. A free 
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society is open to variation In thinking and acting, 
so long as this does not undermine or threaten to 
destroy social unity or the common good. An 
open society -tolerant of diversity -encourages 
Innovation and progress In science, because 
science depends upon open communication and 
free movement of peopie and ideas within arKl 
across cultures. 

3. Citizens have freedom and responsibility to 
participate In policy declslonc. Experts, such as 
scientists, are called upon to Infonri citizens and 
policy makers, but the limits of scientific expertise 
are recognized. Policy decisions are made In 
terms of values, which are outside the boundaries 
of scientific expertise. As a participant In policy 
decision making, the scientist plays the role of 
citizen In concert with other citizens. Thus, In a 
democratic society, the power and limits of 
science are recognized In civic decision making 
and governance. 

4. Equality of opportunity and rewards based on 
merit, not special privilege, are main 
characteristics of a free society. Individuals are 
encouraged and assisted In developing their 
talents to the fullest and are enabled to achieve 
rewards commensurate with contributions to the 
society. These values and attitudes about 
opportunity and rewards, if operational In a 
society, are likely to stimulate maximum 
development and use of talent In science and 
technolOT/ as well as other fields of work. 

5. The dignity and worth of the Individual, as a 
responsible member of society. Is a fundamental 
premise of a modem democracy. In a democracy, 
the society Is organized to reflect the popular will 
through majority rule. In a modem constitutional 
democracy, however, the rights of Individuals and 
minority groups must always be respected within 
a framework of concem for the common good, as 
expressed by majorities. The social uses of 
sclenceAechnoiogy In a democratic society must 
therefore reflect majority rule with protection of 
minority rights and the dignity and worth of 
Individuals. CMc decision making about 
sclenceAechnology-related social Issues should 
combine concem for Individuals and their 
communities. 
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Transparency H 



GUIDELINES FOR EDUCATION ON KNOWLEDGE IN STS 

1. Develop understanding of three concepts -science, technology, society - 
and the interrelationships among these three concepts. 



2. Emphasize knowledge of major concepts in science and technology that 
are associated with significant social changes and scientific issues; these concepts 
should be applicable to social changes and scientific issues of continuing impor- 
tance to citizenship in a free society. 



3. Emphasize knowledge of major concepts and topics in history and the 
social sciences that are associated with significant social changes and scientific 
issues; these concepts and topics include institutions and activities connected with 
the practices, products, and effects of science/technology. These concepts and 
topics should be treated in historical perspective and with futuristic vision. 



4. Teach about STS issues in histC7 and contemporary society that help stu- 
dents understand STS interactions; these STS issues should be linked to core con- 
cepts and topics of standar J secondary schoo* "jubjects in the sciences and social 
studies. 



5. Develop understanding of the uses, limits, abuses, and consequences of 
scientific and technological work; the ultimate goal is connecting education about 
sclence/technology/society to development of good citizenship in a free society. 
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Transparency I 



GUIDELINES FOR EDUCATION ON COGNITIVE PROCESS SKILLS IN STS 

1 . Emphasize development of the skills involved in scientific/technological in- 
quiry-including information processing and problem solving -as ways of producing 
and applying knowledge about nature and society. 



2. Emphasize developr.ient > the skills involved in civic decision making as a 
rational means of assessing, judging, and resolving issues about the uses of science 
and technology in society. 



3. Provide continual practice to direct students' use of cognitive process skills 
and to correct mistakes immediately and constructively. 



4. Use direct teaching as a useful means to introduce skills. Stimulate and 
guide students to think on their own, to resolve dilemmas, to take stands on issues, 
and to judge propositions about knowledge. 



5. Emphasize practice of skills as part of a process, such as civic decision 
making or problem solving in scientific inquiry. Avoid teaching skills separately. 



6. Incorporate learning activities on cognitive process skills in the core cui- 
riculum- school subjects required of all students. Thinking skills in science/technol- 
ogy/society should be developed systematically and extensively in all social studies 
and science courses, in a manner consistent with the intellectual development and 
prior learning experiences of students. 



APPENDIX B: TEACHING STRATEGIES FOR STS 



The substance of education on sclence/techndogy/soclety demands the use of a range of teaching 
strategies -strategies that actively Involve students In their learning, that help them analyze contrc/er- 
sial and value-laden Issues, that allow them to examine various viewpoints and develop their own. WhNe 
lecture/reading and discussion may be useful In examining STS Issues, other techniques are needed to 
achieve the goals of STS education. 

This appendix provides guidelines for two ''problems" that may arise In teaching about STS topics: 
analyzing controversial Issues and dealing with ethical Issues. It then provides guidance related to a 
number of Instructional strategies: using outside resource people, field experiences, role plays, simula- 
tions, case study analysis, brainstorming, and others. 

For each strategy, the appendix provides background for the trainer, a list of potential uses of the 
strategy In STS. reference to lessons In the Model Lessons volumes that employ the strategy, and 
teacher Information about the strategy for use as a handout. The referenced model lessons could be 
demonstrated In training sessions if time permits. 
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ANALYZING CONTROVERSIAL ISSUES 



Many STS Issues simply cannot be examined without provoking some controversy. Consequently, 
STS teachers need to develop procedures or guidelines for dealing with controversy when It arises. The 
list provided on Handout B-1 can ser\e as a starting point for development of a set of such guidelines. 

STS teachers who have not previously taught controversial Issues will need to be convinced that 
doing so wiil have payoffs. Indeed, teaching about controversial Issues has benefits for teachers, stu- 
dents, and the society at large. Teachers are always looi<lng for actlvKles that will motivate students to 
learn, and studies have shown that controversial Issues do Just that. Disc jssing controversial Issues has 
been shown to motivate studenis In both reading and research tasl<s. in addition, sl<lli In dealing with 
conflict over Issues will minimize the problems that usually accompany "uninvited" controversies Into 
the classroom. 

For students, the benefits are many. First, dealing with controversial Issues allows students to apply 
what they have learned to an Isstie that has relevance to their everyday lives. Studies Indicate that the 
result Is enhancement of a range of Intellectual sl<llls. Learning methods for dealing with conflicting 
opinions Is also a si<lll that students will need as adults, so classroom exercises will provide much- 
needed practice. Stuoents will aiso learn about themselves as they woek through the value conflicts that 
are Inherent In a controversy. 

Research Indicates that dealing with controversial Issues Increases students' feelings of efficacy In 
dealing with Issues of public policy. Educators ht^ve hypothesized that such Increased feelings of ef- 
ficacy will counteract apathy and iaci< of cMc participation. In addition, wori< In the area of delinquency 
prevention suggests that learning to deal with controversial Issues promotes attachment to school and 
teacher and thus nfiay contribute to reductions In delinquent behavior. While more research Is needed In 
this area, Instructional use of controversy clearly holds a great deal of promise. 

Faith Hlci<man has suggest^.: that the following assumptions be made when dealing with controver- 
sial STS Issues: 

1. The teacher operates as a manager who manages people, material resources, learning environ- 
ments, and time. 

2. Small-group discussion Is used as the dominant mode of Instruction. Small-group work has these 
advantages: (a) it encourages participation from students who might not otherwise participate; (b) It 
employs student's natural strengths as leaders and creative thinkers; (c) it frees the teacher to assist 
students on a personal basis, engage In conversations with Individual groups, clarify issues, raise ques- 
tions, and Influence the direction of Inquiry toward useful sources of Infornnatlon. 

3. Controversy Is used as a motivational force for substantive learning. 

4. Sufficient factual Information Is brought Into the discussion to avoid having students merely ex- 
change opinions founded In Ignorance. 

Roger and David Johnson have developed a model for dealing with controversy In a positive way. 
The model Involves the following steps: 

1. Dividing the class Into heterogeneous groups of four, with each student assigned a partner. The 
teacher should provide Instructions on the use of the structured controversy model, stressing that the 
ultimate goal Is writing a group consensus repoi. 

2. Assign positions to pairs of students. The pairs of students should be given supporting material 
to study. Each pair chooses arguments that support their position and prepares a brief overview for the 
other pair. 
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3. The pairs present their positions to one another. These two- to three*mlnute resentatlons should 
Include a description of the position and some of the supporting material. 

4. The pairs engage In discussion, with each pair arguing h favor of i^s position. Substantiating data 
can be presented, and each pair can request data from the otner pair. Students are to listen carefully to 
arguments, taking notes that can be used for the reversal. 

5. Reverse the assigned roles. Each pair now has the opposite point of view and offers a brief (per- 
haps five-minute argument) using notes from the first round of arguments rather than the prepared 
nfiaterlals. This brief role reversal encourages good listening. 

6. Finally, groups choose a consensus position and write a Joint report after the group has met to 
decide on a solution. 

During this process, it Is the teacher's role to encourage appropriate behavior and monitor 
students* progress. The teacher nnay need to Intervene to give suggestions to Individuals to help Im- 
prove their progress. Teachers may choose to take a more active role In the process by: 

• Presenting contrasting viewpoints. 

• Playing "devirs advocate." 

• Assisting one pair and then assisting their opponents. 

• Reminding students to challenge each other. 

Through this process, students gain understanding of the Issues, Improve their collaborative skills, 
and leam to deal with conflict. These skills will then ready the students to deal with controversy when it 
arises. 
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Handout B-1 



GUIDELINES FOR DEALING WITH CONTROVERSIAL ISSUES 

In presenting controversial Issues for discussion in your classroom, the following guidelines will be 
helpful: 

• Lead students to expect controversy In your classroom, but prepare them for It as well. Dis- 
cuss what a controversial Issue Is and establish rules for dealing with one. These rules might 
Include such Items as (1) everyone who has something to say will have a chance to say It, 
(2) ideas, not people, will be argued, (3) terms will be defined and slogans will be avoided, 
(4) sources of Information will be cited, end (5) students will listen to their classmates* 
opinions. 

• When a controversial Issue Is Introduced or arises. Identify it and make the nature of the dis- 
agreement clear, identifying areas of agreement or disagreement. 

• Be willing to accept that not all Issues can be resolved. 

• Respect students* right not to express their opinions when personal values are being dis- 
cussed. Some Issues may strike too close to home; others may be difficult for some students 
to discuss for other reasons. 

• Establish devices for maintaining group relations In the face of disagreement. Students 
should learn that disagreeing with a friend does not mean that the friendship must end. If stu- 
dents are able, gukie them in developing the rules of behavior that will ensure continuing In- 
terpersonal harmony. One mechanism for maintaining harmony might be to end each discus- 
sion of a controversial Issue with a class evaluation of how well students listened to each 
other and presented the evkience of their own views. 

• Establish some means of closure; as the teacher, you will have to decide when agreeing to 
disagree is appropriate and when it Is not. 

• From time to time, encourage students to reconsider Issues they have discussed previously 
to determine whether their opinions have changed over time. 

• Be careful about expressing your own opinions, as they can affect students' analysis of the 
issue. 

• Use as many instructional techniques as possible in dealing with controverr^ issues. Ail 
strategies should be used in support of students' working through a series of steps: identify- 
ing the issue, Mentifying alternatives, Identifying the consequences or implications of each al- 
ternative, choosing an alternative, and -if appropriate -working toward group consensus 
and taking action, In working through this series of steps, students can be involved in a 
range of activities; role plays, simulations, and case study analysis are especially effective be- 
cause they encourage students to both empathize with others and suspend judgment. In- 
depth study of one or more issues can also be effective. 

In selecting issues for in-depth analysis, several factors should be considered. These include: 

• Is there time to work through each phase of the analysis of this issue? 

• Is this issue of interest to the students? 

• Is this issue beyond the maturity and experiential levei of the students? 

• Is this issue socially significant and timely for this course and grade level? 

• Is this Issue one that you as the teacher feel you can handle successfully from a personal 
standpoint? 

• Is this issue one for which adequate study materials can be obtained? 

• Is this issue one that will clash with community customs and attituoes? 
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If you answer all of these questions and still have doubts, consult your principal or department 
chair. Remember, Issues where there Is disagreement over alternatives are numerous; if one Issue Is 
too complex, "hot," or sophisticated for your class or community, several more are bound to be 
suitable. 

In dealing with some Issues, reaching consensus will clearly not be possible. With others, worl<lng 
toward consensus will add another dimension to the study, demonstrating how conflict Is resolved In a 
democracy. The teacher's role In this process Is helping students discover common viewpoints and 
values they can accept, working from there to identify modifications of their positions that account for 
these shared values. 

When feasible, student action on behalf of position can also be a valuable part of the learning 
process. Such action might Include writing letters to the newspaper or to public officials, conducting a 
school forum on the topic, or presenting a petition to the local government. 



134 



ANALY*:i:iNG ETHICAL ISSUES* 



Ethical problems arise when values-the strongly held standards of worth by which we make judg- 
ments-conflict, and the socially responsible resolution to an Issue or problem Is not clear. Decisions 
about STS Issues reflect the values of the decision makers; many decisions Involve value conflicts. 
Thus« students need to be able to identify values and analyze how values affect decisions. 

In discussing policy Issues, people get Involved In sublssues related to the general policy Issue. The 
sublssues can be classified Into three categories: (1) ethical or value Issues, (2) Issues of definition, and 
(3) Issues Involving facts and explanations. Distinguishing among these kinds of Issues Is an Important 
first step In analyzing how values affect decisions. Ethical or value statements suggest that some ob- 
ject, person, or action has or lacks worth based on a general moral principle. Definitional Issues revolve 
around the way Important words or phrases are used In discussion. Factual Issues are disagreements 
about the descriptions or explanations of events. 

It Is Important for students. In discussing policy Issues, to recognize value statements when others 
use them or when they use such statements themselves. Teachers may find Handout B-2 helpful In In- 
troducing the notion of value statements to students. It Is equally Important to recognize discussion 
situations In which a value statement can be challenged. Here are several strategies by which value 
statements can be supported or challenged: 

• Use of value-laden language. Ethical or value statements can normally be phrased In 
"loaded" words that give rise to strong personal feelings. The use of value-laden terms Is a 
shorthand way of reminding people that they have Important value commitments. 

• Use of a respected or venerable source. Value statements may be justified by showing that 
they are supported by a source that most people conskler sacred, respected, or venerable: 
the Bible, the Constitution, the Declaration jf Independence, and so on. 

• Prediction of a valued consequence. Policy positions and value judgments are often used 
together to show that support of a particular policy will lead to & good end. When s policy 
position Is linked to a valued consequence, there Is the additional problem of showing that 
the valued consequence wUI, In fact, occur. Discussants may disagree about a valued conse- 
quence. They may then have to resolve a moral-value Issue (which consequences are 
good?) and Issues of fact (which consequences will actually occur?). 

• Finding Important values that conflict. Policy positions are commonly supported by a value 
statement, but this often does not settle the Issue because In most public Issues, we find 
principles that conflict with one another. For example, the value of full employment may be !n 
conflict with the value of environmental protection. 

• Use of empathic appeal. Another way of supporting a policy stand Is to link it with the per- 
sonal preferences or feelings of another discussant; this might be ternied the "How would 
you feel?" approach. This approach has a serious shortcoming. Although we may feel son / 
for Individuals (for d person Injured In an Industrial accident, for example). Involving our sym- 
pathy Is not enough to persuade us to adopt policies that the troubled person may prefer. 

Students cannot be expected to deal with values Issues In this manner without a great deal of prac- 
tice Identifying and discussing values Issues. The STS curriculum will certainly provide the opportunity 
for such practice. It should be noted that since public discussion of many Important STS Issues has oc- 
curred, analysis of values Issues need not Involve students' revealing their own values. Students can 
team and practice the skills of values analysis by examining the values revealed In public discussions. 



Adapted from Donald Oliver and Fred Newmann, Taking a Stand (IVIIddletown. CT: AEP, 1967). Used 
by permission of the authors. 
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Handout B-2 



ANALYZING ETHICAL ISSUES 

A first step In analyzing ethical Issues is identifying the values In conflict. Lists such as those below 
nnay be useful In helping students begin this process, It should be noted that the lists are far from com- 
prehensive, but discussing and defining these values will give students practice that will enable them to 
begin identifying other values as well. 

Democratic Values 

Authorly 

Diversity 

Equality 

Justice 

Liberty 

Life 

Loyalty 
Privacy 

Promlse-lceeping 
Property 
Responsibility 
Truth 



Scientific Valu'^s 

Knowledge 

Diversity 

Deferring judgment 
Logic 

Perserverance 
Quest for l<nowledge 
Reproducibility of results^ 
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BRAINSTORMING 



Background Notes 



Brainstorming Is the process of generating as many alternative suggestions as possible to fit a 
given situation. The brainstorm is a useful classroom strategy because all students, regardless of level 
of academic achievement, can participate equally. It Is nonthreatening because no evaluation Is al- 
lowed, and it does not require prior preparation, m addition, a significant amount of Information can be 
gathered quickly. 

A critical concern, of course, has to do with what one chooses to have a class brainstorm about. 
The question should be clearly stated. It should be one for which there are multiple possible answers. 
Students should be able to generate ideas without extensive background knowledge. 

There are specific rules for the brainstorming process (see Handout B-3), which should be shared 
and discussed with students before a brainstorming sessions begins. Allow students to call out their 
Ideas without having to be recognized. All ideas should be posted without evaluative comments or edit- 
ing. Critical comments can too often prevent creative, but risky, suggestions from being presented. The 
teacher can often stimulate a stagnant session by proposing truly outlandish ideas. 

Another way to encourage creativity Is to use the SCAMPER technique (see Handout 8-3). In this 
technique students reexamine and apply each of the SCAMPER elements to the Ideas already sug- 
gested. Before using brainstorming In an activity it Is well worth spending class time Dractlclna these 
techniques. r » 

The debriefing of a brainstorm should focus on the use of the Idea? within the context of the 
teacher^s purpose In conducting the brainstorm. For example, if the purpose of a brainstorm Is to make 
students aware of how widespread the effects of air pollution are, the debriefing might focus on the 
sheer number of items generated and their seriousness. On the other hand. If the purpose was to 
generate Ideas for research projects, some evaluation of Ueas using specific criteria related to 
suitability for research might be In order during the debriefing. 



Potential Uses of Brainstorming in STS 



• Creating future scenarios 

• Anticipating the risks and benefits of new technologies 

• Identifying alternatives In decision-making occasions 

• Identifying cross Impacts between sclence-technology-soclety 



Model Lessons Employing Brainstorming 



Science Lessons 



Social Studies Lessons 



Technology Mind Walk 

The Futures Wheel 

Technology and Advertising 

Energy Sources In the Good Old Days 

Pesticides 

Forest Products All Around Us 



Knowledge, Skills, and Attitudes for the Year 2000 
It's a Natural! 

Bumper Sticker Position Statements 
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Handout B-3 

BRAINSTORMING 

Rules of Brainstormino 

1 . Say anything that comes to mind. 

2. Plg^yt)acklng on the ideas of others Is good. 

3. Don't evaluate or crKlcIze what others say. 

4. When you can1 think of anything else, wait a minute and try again. 

The SCAMPER Technique 

S = substitute, subtract 

C = combine 

A = adapt, add 

M = modify, minify, magnify 

P = put to other uses, piggyback 

E = eliminate 

R = reverse, rearrange 



O 138 

EKLC 



H3 



CASE STUDIES 



BacKground Notes 

The case study approach involves providing students with situations in which there is a conflict or 
diiemma. Students then fdiow a step-by-step procedure to anaiyze the facts of the case, reach and 
support a decision, and weigh the consequences of that decision. 

A case study requires students to ask questions, define elements important to a situation, analyze, 
synthesize, compare and contrast those elements, and make Judgments. The students are, in short, 
practicing all levels of thinking, from simple recall to evaluation (see Handout B-4). 

The case study approach may be applied to a variety of topics. In fact, this strategy can be Imple- 
m'^nted any time there is an Issue or conflict situation to be considered. Teachers could use It to have 
students consider the conflict between promoting aviation while protecting the safety of passengers, for 
instance. Issues surrounding the role of government in energy development versus environmental con- 
servation might be studied via this method, and so on. 

The case study approach requires the teacher to serve in several capuCltles- diagnostician, discus- 
sion leader, and "cllmate-nriaker." The latter may be the most difficult for teachers. In order to develop a 
favorable classroom atmosphere In which to use the case study approach, the teacher must refrain 
from dominating class discussion by repeating, commenting on, or asking questions of the same 
respondent following each remark. Rather, questions and comments should be redirected to other 
members of the group or class. Also, biases of the instructor regarding a case should be contained: 
when they are expressed, they should be clearly open to dass review and analysis. 



Potential Uses of Case Studies In STS 

• Court cases regarding science and technology Issues 

• Instances when policy-making bodies have acted on science and technology issues 

• Futuristic scenarios In which students predict what may happen 

• Story segments In which students decide what action should be taken 

• Analysis of historical narratives, eyewitness accounts, and newspaper stories 



Model Lessons Employing the Case Study Approach 

Science Lessons Social Studies Lessons 

Environmental Impact Statements People and Machines 

Land Use Doing Someth'-^g About the Weather 

The Benefits of Technology 

Genetic Screening 

The Pine Beetle Controversy 

Letters to the City Council 

Ecology and the Government 

Soil Deterioration 
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USING THE CASE STUDY METHOD 



The case study approach Involves providing students with situations In which ther !j a conflict or 
dilemma. Students then follow a step-by-step procedure to analyze the facts of the case, reach and 
support a decision, and weigh the consequences of that decision. 

A case study requires students to asl< questions, oeHne elements Important to a situation, analyze, 
synthesize, compare and contrast those elements, and make Judgments. The students are. In short, 
practicing all levels of thinldng, from simple recall to evaluation. 



Steps in Bloom's Taxonomy 

I. Knowledge 



Steps in the Case Study Cognitive Skliis Development 



II. Comprehension 



Application 



I. Determining the facts of 
the case 



I. Summarizing facts 
Identifying issues 



I" Developing arguments 



I. Remembering X\ facts 
Locating information 
Following directions 
Organizing information 
Researching 
Describing 
Sequencing 

Distinguishing fact from 
opinion 

li Summarizing 
Applying 
Abstracting 
Transiatifig 
Transforming 
FIgural decoding 
Describing 

III. Analyzing facts and Issues 
Translating 

Interpreting information 
Inquiring 
Clast>ifying 
Equating 

Formulating concepts 



Adapted from a handout developed by the Institute for Political/Legal Education, Sewell, NJ. 
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Steps In Bloom's Taxonomy 

IV. Analysis 



Steps In the Case Study 

IV. Breaking down facts/ 
arguments/Issues 



V. Synthesis 



V. Heaching a decision 



VI. Evaluation 



VI. Providing reasons for 
decisions 
Comparing decision to 
actual case outcome 
(if applicable) 



Cognitive Skills Development 

IV. Analyzing 
Tlieorizing 
Forming concepts 
Sequencing 
Translating 
Associating 
Thinking creatively/ 

divergently 
Imagining 
Elaborating 
Applying facts 
Simulating 

V. Decision making 
Synthesizing InfbmiatkHi 

and arp;«ments 
FormuSatlng reasonable 

hypotheses 
Identifying central Issues 

and underlying 

assumptions 
Defining 

Applying problem solving 
and decision making 
Drawing conclusk>ns 

VI. Critiquing 
Reasoning deductively 
Comparing/contrasting 
Drawing warranted 

conclusions 
Supporting arguments 

based on facts 
Participating 
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DEBATES/PANEL DISCUSSIONS 



Background Notes 

A debate can be an effective Instructional method for helping students present and evaluate posi- 
tions clearly and logically. A debate begins vlth the debaters* developing or being assigned a position 
on an issue. The intention of each debater is to persuade others that his or her position is rhe proper 
one. (in this way debate differs from discussion, which often calls for the cooperative thinking of mem- 
bers of a group In search of a solution or approach to a problem or Issue.) A specific example of a way 
in wh 1 debate might be a useful method Is as a follow-up to a policy ntaking exercise. Participants 
who do not agree with the adopted policy might use the debate as an effective means of trying to 
change public opinion, whl^h might in tum lead to a change In policy. Guklelines for conducting a 
debate are provMed In Handout B-5. 

A panel dhcussion is designed to provkle an opportunity tor a group to hear several people who 
are knowledgeable about e specific issue or topic present Information and discuss their personal views. 
A panel discussion may help l>)e audience further clarify and evaluate their positions in regard to the 
specific issues or toptes being iiscussed and increase their understanciing of the positions of others. 

Steps in using a panel discus, 'on inclrde: 

• identifying, or helping participants Mentlfy. an issue or tooic tiiat involves an important con- 
flict in values hnd/or interests. The issue or topic may be set forth as a topical question, a 
hypothetteal incMent, a student experience, or an actual case. 

• Selecting panelists who are well Informed about and have specific points of view about the 
issue or topic. A panel discussion that includes three to five panelists is usually most work- 
able. Select a leader or moderator. 

• indicating to pa nelists what objectives the pandl discussion is designed to promote and al- 
lowing time for panel members to prepare for the discussion. For some topics ten or fifteen 
minutes may be sufficient time for preparation, while in other situations panel members may 
need to prepare several weeks in advance of the schedule discussior. The teacher will be 
able to advise the panelist about time requirements. 

• Deciding on the fomiat WtC* the panel disci * >ioii will follow. Various fuinfiats are appropriate. 
One proven format is describ&i on Handout P 6. 

Potential Uses for Debates/Panel Discussions in STS 



• Evaluating positions in land use decisions 

• Evaluating risks and benefits of new technologies 

• Deve; '.ng and presenting clear positions on controversial issues 

• Providing background for declb.^ii-mal'^nq exercises 

• Exposing students to various view^ on controver«%ial issues 

• Providing a mechanism for presentation of student research results 



Backcound and handouts ad&^ted from Leader's H^^ ^book (Calabasas. C\: Ct iter for Civic Educa- 
tion 1978). Used by perm ssion of the publisher. 
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Model Lessons En ploying Debate«/Pan ^1 Discussions 

Scltnc* LMton* Social Studies Lessons 

Sclen»'.<c Experimentation with Animals Doing Something About the Weather 

SoH Deterioration The Organ Humer 



Handout B-5 



GUIDELINES FOR CONDUCTING DEBATES 

The following guidelines may be helpful In conducting a debate. 

• Decide, or help students decide, on a subject for debate. 

• Formulate the subject Into a resolution; for example, 'Resolved: that pesticides banned from 
use In the United States should also be banned from manufacture. 

• Maka certain that those participating In the debate are familiar with the procedures to b< fol- 
lowed. (The form of debtit<) described here Is widely used but rather formalized. The purpose 
of the debate may make it desirable to use a less-formal procedure.) 

• Select participants to take part In the debate. Divide the debater? Into two teams, one team 
In •'upport of the resolution (pro) an J one team In opposition to the resolution (con). The 
most common number of members per team Is two, but more than two nay be used. 

• Select a chairperson and a timekeeper. 

• Allow sufficient time for participants In the debate to prepare "constructK/e arguments." A 
constructive argument should be based on from chree to five major point that are logically 
developed and substantiated by factual evidence In support ol a particular position. 

• Conduct the debate according to the following procedures: 

1 . The chairperson and the debaters are seated at the front of the class, usually with the 
team in favor of the resolution to the right of the chairperson and the team In opposi- 
tion to the resolution to the left of the chairperson. 

2. The chairperson Introduces the subject and states the resolution to be debated. 

3. The chairperson Introduces the first speaker from the team In support of the resolution. 
Each speaker Is Introduced when he or she Is given the floor. 

4. The first speaker from the team In support of the resolution Is allowed a set amount of 
time to present the constructive argument he or she has prepared. The timekeeper, 
seated with the class, indicates when the time limit has been reached. 

5. The first speaker from the team In opposition to the resolution Is Introduced and asked to 
give his or her constructK/e argument. This procedure of presenting pro and con 
speakers alternately Is continued until each debater has given his or her constructive 
arguments. After the first speaker, those who follow will probably need to adj jst their 
prepared speeches to allow for what has been sakJ by preceding speakers. 

6. "Rebuttal arguments'* follow the series of constructive arguments given by both teams. 
The team In opposition tu the resolution always begins the rebuttal argument series. 
Each debater Is given an opportunity to speak extemporaneously for a set amount of 
time (usually less than the time allotted for original arguments), attempting to v ^aken 
the position presented by the opposing team. Rebuttal arguments also provkie i n op- 
portunity to answer attacks that have been made by the opposing team. While rebuttal 
arguments are presented extemporaneously, debaters should anticipate possible posi- 
tions the opposition might take and be prepared with appropriate counter arguments. 
No new Issues may be introduced during rebuttal arguments. 

7. Debrief ar. 'or evaluate the debate and the performance of the debate teams by Infor 
mally polling the class to determine how many agree with each team. Class members 
should be asked to explain whether their own positions were strengthened or changed 
as a restit of hearing the debate and to explain why. 
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Handout B-6 



STEPS IN CONDUCTING A PANEL DISCUSSION 

The following procedures have been used effectively In structuring panel discussions. 

1. The leader or moderator Introduces the topic, and the panelists present their views and opinions 
about the Issue or topic, each panelist In turn for a set amount of time. 

2. The panelists discuss the Issue or topic with each other by asking questions or reacting to the 
views and opinions of other panel members. A specific amount of time should be ^established. 

3. The leader or moderator closes the discussion and provides a summary of panel presentations 
and discussion. 

4. The leader or moderator calls for a rorum period, during which members of the class nay par- 
ticipate by addressing questions to various panel members or by voicing their views and opinions. The 
forum period should be conducted by the panel leader or moderator. 
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FIELD EXPERIENCES 



Background Notes 

Field experiences can make what students are learning In class more concrete and real. Field ex- 
periences may Include standard field trips (e.g., visiting a water treatment facility), observation at put>llc 
meetings (e.g., attending a public hearing on land tse), and opportunities for actual field study (e.g., 
gathering data at a landfill). All these experiences can vividly Illustrate the points being made In class 
presentations. 

To be successful, field experiences require careful preplanning. In-class preparation, and debriefing 
(see Handout B-7). Follow-up visits or Interviews, exhibitions of pictures tal<en on the trip along with 
other InfonDatlon gathered, or Independent Investigations of a similar l<lnd ma^ be planned as means of 
extending the field experience. 

Individual field trips are recommended only for senior high students. These field trips can take place 
during the school day In schools with an open-campus policy, or they can occur after school. The pur- 
pose of IndMdual field trips Is to gather materials from specific organizations and Interview members of 
those organizations. S'jch field trips give committees of students firsthand experience at evaluating 
other people's views. The students could use a tape recorder, and the tape could be shared with the 
entire class. 

When 'JSing Individual field trips to special -Interest organizations, a teacher must be prepared to 
handle two situations. The first and simplest problem Is that students sometimes return as converts who 
proselytize for a specific organization s point of view. The second and most difficult situation occurs 
when SiUdents return from such a visit anc scoff at an organization and its viewpoint. One way to hand- 
le the second problem Is to anange IndivkJual field trips as preparation for debates. Students should try 
to do more than just gather Information about an organization's point of view if they are expected to 
marshal that Information Into effective arguments. 



Potential Uses of Field Experiences in STS 

• visiting far*Yltles In which science Is taking place (universities, medical research facilities, etc.) 

• Visiting facilities to observe technology In use (water treatment facility, power plant, etc.) 

• Observing public decision-making bodies conskJering STS Issues 

• Gathering data (making observations of pollution, tes' ig water samples, etc.) 

Model Lessons Employing Field Experiences 

Science Lesson 

Soil Deterioration 
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Handout B-7 



PUNNING FIELD EXPERIENCES 

Preplanning 

Field experiences take careful preplanning. Once you have decided on a site, make an appointment 
and visit it yourself. Visualize how the activity will take place. Anticipate problems and think about pos- 
sible solutions. Discuss your plans with the school principal and obtain all necessary permissions from 
the site owner, school administration, and parents. Be sure that you have adequate help to supervise 
students. Other school siaff, parents or other community volunteers, aides, or older students can 
provide assistance. 

in«Clatt Preparation 

Before you embark on the field study, prepare ♦he students. Be sure that they understand the ob- 
jectives of the field experience and how it fits Into the current unit of study. Provide guidance if you 
want students to gather data through field notes, photographs, or other means. If necessary, establish 
ground rules for conduct during field experiences. Having students work in groups during field ex- 
periences often proves successful, immediately before leaving the classroom, make sure students have 
ail the materials needed 

The Field Experience 

During the field experience, circulate among groups. Show enthusiasm and participate In activities. 
Help students focus on the environment by ueing all their senses. Ask questions to help students ob- 
serve and make comparisons. 

Debriefing 

Be 3ure to allow time after the field experience for class discussion and follov/-up. Examine with stu- 
dents that they observed and learned, how it relates to the In-class activities they had been doing prior 
to the field experience, and what questions remain to be answered. 
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PROBLEM SOLVING/DECISION MAKING 



Background Notes 

Problem-solving and decision-making activities presen. students witti opportunities to apply struc- 
tural analytical tools to critical issues. Several models for teaching decision making are presented in the 
model lesson volumes. One such mr 'al is presented Od Handout B-8. Each model shares five basic 
eiomfnts 

1. Recognizing an occasion for discussion. Some action needs to be taken, but a clear solution is 
not obvious. In many cases, the primary problem may not be clear. 

2. Stating the problem to be solved and the anticipated goals. Clarifying the problem and the basic 
values affecting the decision often helps to narrow the range of options available. 

3. identifying alternatives. Brainstorming multiple options can help move beyond obvious but shop- 
worn decisions to more subtle and elegant solutions. 

4. Predicting and evaluating the positive and negative consequences of the alternatives. Here stu- 
dents again apply various value measurements to weigh the quality of their proposals. 

5. Making the decision. Despite the processes used to help reach a decision, taking the final step 
can require extra effort. Students must be encouraged to dehr\6 the reasons for their final actions. 

The various models used in these volumes can easily be adapted for use in other activities. When 
the decision model Itself Is an Important learning goal, it Is critical that sufficient classtlme be spend 
practicing the steps. Easy-tosolve sample problems used at the beginning of a unit can help familiarize 
students with the process so that later, more complex roblems can be analyzed more quickly, ac- 
curately, and t^fficiently. 



Potential Uses for Problem Solving/Decision Making 

• Projecting the effects of new technology 

• Examining the process of governmental decision-making on STS issues 

• Deciding which development paths to follow with new technologies 

• Evaluating past decisions 



Model Lessons Employing 

Science Lessons 

What Would You Do If...? 

Energy Sources 

The Artificial Heart 

Genetic Screening 

Ecology and the Government 

Scientific Experimentation with Animels 



Problem-Solving Activities 

Social Studies Lessons 

Solving the Problems of the World 
The Effects of Individual Actions on Technology 
and Society 

Renewable Energy and the American Age of Wood 
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Handout B-8 



A DECISION-MAKING MODEL 




COST (OR RISK) ANALYSIS 

Potential Adverse Effects 
Magnitude of Effects 
Probability of Occun'ence 



BENEFIT ANALYSIS 

Potential Heipful Effects 
Magnitude of Effects 
Probability of Occurrence 




















1 




2 
1 
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VALUES OF DECISION MAKERS 



SELECTION OF COURSE OF ACTION 
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RESOURCE PEOPLE IN THE CLASSROOM 



Background Notes 



Because STS Involves many specialized content areas, as well as public decision-making, use of 
community resources In the classroom Is particularly appropriate. Deperxilng on the Issue being 
studied, scientists, doctors, engineers, public officials, business people, members of civic groups, and 
others may be appropriate resouices to call upon. When considering how resource people could be 
used, do not limit yourself to gueot lectures or Interviews; resource people can also participate In such 
activities as simulated press conferences, panel discussions, role plays, and mock trials. 

Locating resource pe^ons requires time, but a few shortcuts are available. Consult other teachers 
who have used resource persons. Ask students what types of resource persons would be valuable and 
whether they know anyone who would fit the bill. Ask the officers of your PTA to organize a list of 
parent/speakers. ConPct such umbrella organizations as the Chamber of Commerce; they nfiay provkJe 
refenBls as a public service. Consult the education editor of the local newspaper to talk with staff of a 
regional service agency. 

When a classroom visit Is arranged, the teacher should explain the goals and objectives of the 
presentation, making clear how the presentation fits Into the overall unit of study. The resource person 
should be given Information about the class (age, grade level, size, knowledge of the topic, presence of 
any students having disabilities that might affect the manner In which a preeantatlon Is made), the room 
size, setup, availability of special equipment), and the time available. Teachers may find it helpful to 
provide resource persons with the list of do's and don'ts provided on IHandout B-9. 

Teachers should also prepare students for the resource person's visit. Students should understand 
the purpose of the visit and complete any preparatory work In advance. Speckil procedures should be 
explained before the visit. 

Each presentation by a resource persons should be assessed by the teacher, students, and 
resource person. The evaluation results should become a part of the teacher's permanent file on 
resource persons. Careful records of ev^ry presentation will allow teachers to make Improvements, 
identify appropriate resources for future use, and avoid over- or under-use of particular persons. Com- 
bining the records of several teachers can result In a directory of resources. 



• Providing current data from their fields 

• Judgino class projects 

• Mentoring Individual or class projects 

• Providing firsthand local perspectives on Issues 

• Participating In debates, panels, or simulations 



Potential Uses of Resource Persons in STC 



l\/lodei Lessons Employing Resource Persons 



Science Lessons 



Social Studies Le:%ons 



Food Additives 



The Environment and Participatory Democracy 
The Structure of Scientific Revolutions 
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DO'S AND DONTS FOR THE RESOURCE PERSON 



Don't: 

• Lecture at students 

• Use jargon or unfamiliar words 

• Acl condescending ^r omniscient 

• Become angry at heckling or unresponsiveness 

• React defensively to criticism 

• Read a prepared speech 

• Ja\k In a monotone 

• Assume tl^^.t students either have or lacl< knowledge about a given point 
Do: 

• Consider the age and experience of the audience 

• Prepare adequately 

• Maintain eye contact 

• Solicit feedljack frequently 

• Encourage active participation early and throughout the presentation 

• Be yourself: let your personality show; be real; smile 

• Call on a variety of students 

• Circulate around the room 

• Involve the teacher 

• Make sure that everyone hears 11 questions and answers 

• Know the objectives of your visit and how it relates to the unit of study 



ROLE PLAYS AND SIMULATIONS 



Background Notes 

Role playing can be an effective technique for focusing on the process of decision making and aU 
tematives for conflict resolution. Role playing enables students to understand that others have points of 
view that are different from their own. It also enables students to ieam appropriate behavior in a variety 
of settings. 

Successful role playing depends on the establishment of a genuinely roceptlve atmosphere, based 
upon the teacher's belief that all individuals have the capaclt/ to s^Sve their own problems. To maintain 
this atmosphere, students should be permitted to make mistakes and to leam from them. 

The peer group can also affect the success of role playing. Too often, children are stereoityped by 
their classmates In a way that tends to be self-fulfilling or stifling in a rde-playing sltuatk)n. Yet a chUd 
can leam to alter his or her behavior once new approaches have been introduced and practtoed. A 
student's stereotypy classroom image shouM not be matched with a role of similar characteristtes. 

Teachers shoukJ not be discouraged if rde playing appears to faK the first few times they us^ it. 
Everyone tends to be uncomfortable with a new strategy, and role playing Is one of the more demand- 
ing ones. Students wHI likely demonstrate this discomfort either by acting sHIy or by being unwHIIng to 
participate. They need a lot of support and encouragement in the beginning. 

Discussion of the role play should either be integrated with the activity or follow It immediately. Any 
significant lapse of time between rde playing and the debriefing will dilute the value of the activity. The 
following questtons may be useful In focusing the follow-up discussion: 

• Were the plays realistic? 

• Was the problem solved? Why or why not. and how? 

• What were the altemative resoluUons? 

• is this situation similar to anything you have personally experienced? 

• How dU you feel playing that role? 

• If you repeated the role play. woukJ you do anything differently? 

Role plays are often a component of simulattons, which allow students to experience vtoarlously a 
process that might othenA^se be inaccessible to them. SImulattons also allow students to experience 
processes and situations without risk. Students can practice decision making and even make mistakes 
In judgment without suffering serious consequences. Simulations are excellent reinforcers of skHls or 
concepts with which students are already familiar, in addltton. they provide a good change of pace. 

Note that simulations usually Involve both role playing and small-group work. If students do not 
have experience with these techniques, teachers wouki be wise to do some role plays and smalU^ >up 
exercises before attempting a simulatton. 

A few precautionary notes are in order. Some slmulatbns require extensive teacher preparation. 
Teachers must ask themselves: "Is It worth It?" Competition is involved in some simulattons. Teachers 
should be sure that students understand the purpose of the simuiatton and that losing** the simulation 
does not mean students were less successful or learnea less. Finally, students may view simulations as 
unrealistic, and some of them are. Teacher should try to relate the concepts and principles of the 
simuiatton to real-life experiences. 



Background and handouts adapted from Arlene Gallagher. The Methods Book (Chteago: Law In 
American Society Foundation, 1979). Used by permisston of the author. 
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A special form of simulation Is the computer simulation. The computer can make simulations more 
realistic and effective by providing Increased sophistication, access to databases, Inclusion of random 
events, branching, and n^lnforcement. However, all computer simulations are not created equal; before 
choosing one, teachers should worl< through It to be sure It meets their class needs. 

Handout B-10 provides some guidelines for conducting both role plays and simulations. 

Potential Uses of Role Plays and Simulations in STS 

^ Recreating critical decisions in history (e.g., dropping the first atomic bomb) 

• Role playing the decision-making process 

• Acting out critical scenes from the lives of important Inventors 

• Working in groups to perform a convincing presentation to a decision-making body 



Model Lessons Employing Role Plays and Simulations 



Science Ljessons 



Social Studies Lessons 



Groundwater Rights 
Land Use 



Fisk Kill in RIverwood-Who Pays? 

A Social History Approach: Machine and Social 

Change in Industrial America 
World Population Growth 
Simulating the Strategic Defense Initiative 
The Freeway Planning Game 
A Resource Use Warm-Up 
The Ocean Resources Game 
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Handout B-10 



GUIDELINES FOR CONDUCTING ROLE PLAYS AND SIMULATIONS 

Below are some guidelines to follow In using a role play: 

• Present the problem or situation. Be sure to give students adequate Information to play their 
roles convincingly. Specify how much elaboration of the roles Is expected/acceptable. 

• Assign roles or solicit volunteers. An entire class may participate even if there are only two 
roles. An^nge the students In pairs or use trios, with the third student acting as observer. 

• Get the class Involved as quickly as possible. Don i spend too much time on the introduc- 
tion. 

• Role reversal can be a useful device when students appear unsympathetic to rhe opposing 
viewpoint or when a student has been stereotyped by peers. 

• Initial rcid-playing activities should be simple, but they should become Increasingly more 
complex if role playing Is to be more than a simple exercise In dramatics. 

• Don*t expect polished performances. 

Vary role-piaying activities. Students will tire of the same routine. 
Simulations seem to run more smoothly if the following stages are used. 

• Preparation. Break the game down by outlining the steps arxJ allocating time periods for 
each step. Organize the classroom to suit the simulation. Including rearranging fumitur'j If 
necessary. Preteach the game to a small group if the directions are complicated. 

• Playing. Introduce the game briefly by outlining the rules and procedures. Stick to the direc- 
tions the first time you use a simulation. Start playing. Even if the simulation seems compli- 
cated, keep going. Let students figure things out. 

• Debriefing. This usually consists of a follow-up discussion or other technique that helps stu- 
dents absorb and analyze what has happened. It Is the most Important stage ci the simula- 
tion. First, the room should be reanBnged 1 1 its usual setting. Second, a short one*page 
worksheet with questions designed to elicit reactions about the simulation wNI help to focus 
the discussion. It also helps to calm everyone down after what can sometimes be a chaotic 
and noisy experience. Then conduct small- and large-group discussions, using questions that 
isolate the purposes of the simulation. Be sure to relate the simulation to other experiences 
throughout the discussion. 
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SMALL-GROUP COOPERATIVE LEARNING 



Opportunities for small-group cooperative learning which a considerable body of research Indi- 
cates Is successful on both a cognitive and attitudlnal level, can be built into niany of the teaching 
strategies described above. Some suggestions for facilitating small-group work are given In Handout B- 
1 1. along with two forms students can use to evaluate their group's woik. 

Small-group wortc appears to be most successful when the following conditions prevail: 

• One or two clear Instructions guide wor|<. Students have difficulty worl<lng In small groups if 
the tasl< is unclear or so complicated they cannot remember the complete Instructions. 

• Adequate time Is given to complete the assigned tasl< In the small group. 

• The task calls for cooperative work-not Independent student work around a small-group 
table or group work that can be easily dominated by one or two students. For example, con- 
skler a small group preparing for a panel discussion on possible solutions to the problem of 
air pollution caused by automobiles. Each group nr^ember might choose one possible solu- 
tion and r&sea^ the costs and benefits of Implementing that solution. Members would then 
report to the group on their findings, and the group would determine as a unit how to use 
the results In their panel discussion. 

• The students have the knowledge and skills necessary to do the work. 

• Groups have from two to Ave members. Varying the size of groups within this range will help 
preym st'jHents from becoming bor-ad by an overly rIgkJ small-group structure. 

Several of these factors point to the Importance of choosing appropriate tasks for small-group 
work -the tasks selected must be amenable to some kind of cooperative work, be easily explained in a 
minimum number of steps, and be within students* capabilities, it Is also Important to keep In mind that 
success with small-group work requires practice. A teacher's first attempt at cooperative learning may 
not be the highlight of the year, but the potential pay-offs are worth experiencing some Initial failures. 



Potential Uses of Small-Group Cooperative Learning in STS 

• Preparing role plays and simulations 

• Collecting and displaying data from field experiences 

• Researching several aspects of a complex topic 

• Preparing for a debate or panel discussion 

• Participating In problem-solvlng/declslon-nrYakIng exercises 

Model : :^sson8 Employing Small-Group Cooperative Learning 

Science LeMone Social Studies Lessons 

Determining Priorities Solving the Problems of the World 

What Would You Do If . . .? Furrows to the Future 

The Biological Effects of a Nuclear Explosion Giving Up the Gun 

The Benefits of Technology Preparing Environmental Impact Statenrients 

The Pine Beetle Controversy Warning Future Generations 

Technology and Transportation 

Science. Technology, and the Constitution 
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handout B-11 



SUGGESTIONS FOR USING SMALL-GROUP COOPERATIVE LEARNING 

Initial Instruction for working In groups should remain simple. Begin with the 4aslc criteria that will 
make the classroom manageable; these may depend on the maturity of the group. These basic rules 
should be posted In the front of tl. ^oom and explained In some detail. These rules might include: 

1 . Mowe quickly and quietly Into your groups 

2. Use quiet voices (appoint one person tor volume control) 

3. Do not talk between grc jps 

4. Appoint a reader to get the group moving 

As studonts progress In their obllity to work In groups, post other criteria or rules for working: 

1. Appoint various roles (if necessary) such as leader, timekeeper to make sure the 
assignment can be completed, recorder to take the necessary notes. 

2. Sentences that may f.fjp groups manage conflict Include: 

I disagree because . . . 

My opinion Is ... 

Another way to look at this Is ... 

Have you thought of ... 

l%nat else can we look at? 

What do you think? 

Two sample forms that may help students work on their group skills are provided. Form 1 provides 
for group as well as IndlvidU' account ')llity. Form 2 might be ylven to a group In the middle of a unit 
to help them solve any problems they are having. You can use various tactics to promote cooperation. 
For example, you can collect one paper at random at the enu of the period to evaluate. Each student 
within each group can be given a specific task to complete. Only so many resources can be made 
available so tfiat sharing will be necessary. 

As an Incentive for better students tc help less able students, you can devise a bonus system. Em- 
phasize helping others to understand, not jMSt giving them answers. Copying should be discouraged. 

K you have an Inordinate number o' special needs children, assign learning buddies. The role of the 
iean.«ng buddy Is to make sure the ca;i fliHJ the right materials and get the assignment done. 

Tests and quizzes might also be done m groups or with partners. 

Give students specific feeo ick. Tell them what you saw that was especially effective and make 
suggestlonr about where they .light improve. Focus some wrap-up sessions on group c* "s. Assign 
writing activities that require verbalizing what students might do to Improve their group skills. 



Developer^ by Eugenia Moore, Fargo (ND) Public Schools. 



Form#1 

PROCESS EVALUATION 

PERIOD: 



DATE 



AssiGNrv:ENr.. 

GROUP: 



TOTAL POSSIBLE 
5 POINTS 



ON TASK: Working at ALL times on the assignment. If 
fin'ihed. complete the next assignment or 
read current events. 1 POINT 

COOPERATING: Everyo^ie In the group must be participating. 

It Is up to ihe group to see that everyone is 
contributing. 1 POINT 

BEHAVIOR: Quiet, buslnesslllce, with NO disruptions or 

loud behaviors. ^ POINT 

FOLLOW DIRECnONS: The assignment must be completed 

according to Instructions. 1 POINT 

COMPLETED: The assigment must be completed. 1 POINT 



TOTAL 



Teacher Comments: 



Form #2 

COOPERATION EVALUATION 
NAMES OF GROUP MEMBERS 



Directions: Rate your group on their oooperatlvt learning skills by drawing a circle around the 
appropriate number. 



4 » Excellent 3 = Good 

1 . Someone In our group acts as a leader. 

2. Everyone In the group participates. 

3. Everyone In the group cooperates, i.e., helps 
solve group problems in a peaceful manner. 

4. Everyone in the group fdiows the directions. 

5. Our group does weli et volume contid. 

6. Everyone in the group aids In looldng up 
Information when necessary. 

7. Overall rating of the group: (add all of the clrc''^ 
numbers together) 



2 = Fair 
1 
1 



1 = Needs Worl< 

2 3 
2 3 
2 3 



2 
2 
2 



3 
3 
3 



5 
5 

5 

5 
5 
5 



Problems of our group are: 



We can solve our prob'ems by: 
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SURVk^i'S 



Background Noioe 



The purpose of conducting a survey of students' values or attitudes Is to stimulate thinking on a 
variety of Issues, many of them controversial. Such a survey can serve as a motivational device for le* dr 
study by creating Interest In the area of STS. 

Another means of using the survey technique Is to f:ave student- develop and administer a ques- 
tionnaire. The survey can be taken within the school or in the larger community. Such an activity ^/iii 
not only expand students' thinking on a particular topic, but also develop their information-acquisition 



Some guidelines for administering surveys are given in Handout B-12. 



Potential Uses for Surveys in STS 



• Compare class attitudes before and after studying a topic 

• Comr^re class positions with other groups 

• Discuss the role of public opinion in making STS-related decisions 

• Measure puWIc awareness of local/national STS Issues 



Model Lessons Employing Surveys 



Science Lessons 



Social Studies Lessons 



Global/Local Issues 
Science and Technology In the News 
Collecting Points of (pH)lew 
Biodegradable and Nonbiodegradable 
Nuclear Energy 



Science and Technology In the News 
Scavenger iHunt 

Knowledge. Skills, and Attitudes for the Year 2000 
Reaction Statements Warm-Up 
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Handout D-12 



USING SURVEYS WITH STUDENTS 

The following format is suggested for administering a sun/ey to students: 

;. Have each student complete the sun/ey independently in class, to ensure that the students do 
not discuss each other's responses More completing their own work. 

2. Have students pair off and discuss their responses on a one-on-one basis. This will allow each 
person a chance to express his or her opinion without letting a few of the mr e-verbal students 
dominate tho class. 

3. Use a tally sheet to tabulate the responses for the entire class. To expedite this procedure two 
or three smaller groups may be formed, with a student from each one designated to record the rospon- 
S6S. The final tally should then be compiled and presented to the class. Students are often surprised tc 
discover the range of opinion among their peers, since they may assume that everyone feels the same 
way cn most issues. 

4. Conduct a discussion based on the results of the survey. If the opinions of the class are virtually 
unanimous. It is not necessary to discuss a question at length, Howe»;er, free and open dialogue should 
be encouraged when there Is divergent opinion In the responses to a particular statement. The adult 
leader's role should be simply to facHltate Input by encouraging students to express their opinions and 
support them. No attempt should be made to challenge student opinions or to reach a consensus at 
this time. 

The following gukJec may be helpful in designing activities in which students survey others. 

1. The topics on which students are seeking information should not be too broad ranging. A brief 
survey is preferable to a lengthy one. 

2. Students will find h easier tr» gather and interpret ^'ata using questions with a limited number of 
possible responses. 

3. A minimum number of people to be surveyed should be assigned each student, 

4. Students should be briefed on survey etiquette. Potential respondents should be approached 
politely and asked if they would have time to respond to a brief survey; the purpose should be ex- 
plained In a few words. If someone says "no." students should not try to change *heir minds. Those 
who co^bent should be thanked. 

5. Students should analyze the data and be encouraged to present their findings in a variety of 
ways. Also encourage them to conskJer the limitations of their data. 



Adapted from Juvenile Justice: A High School Curriculum (Sewell, NJ: Institute for Poliiical/Legal 
Education, 1974), pp. 1M5. 
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STS MATERIALS AVAILABLE FROM THE SSEC 



SciencelTechnologylSociety: A Framework for Curriculum Reform in Secondary School Science and 
Social Studies, by Faith M. Hickman. Joh J. Patrick, and Rodger W. Bybee (1987). 

Tcxlay's young citizens must be prepared to deai with societal issues reiated to science and tech- 
nology. This book provides a much-needed gukJe for designing units of study that iitegrate knowledge 
from science and social studies, included are guidelines for selecting STS content, developing skV\i in 
analyzing STS issues, developing positive attitudes toward science and technology, assessing options 
for the design of STS curricula, and infusing STS into secondary science and social studies courses. 

Order #313-6 55 pp. $6.95 Quantity 



★★★★★★★★★★ 

SciencelTechnologylSociety: Model Lessons for Secondary Social Studies Classes, edited by Robert 
D. LaRue. Jr. (1988). 

SciencelTechnolog^ 'Society: Model Lessons for Secondary Science Classes, edited by Janice V. 
Pearson (1988). 

The editor of each volume has compiled more than 35 model STS lessons that can be used by 
secondary teachers in a wWe variety of existing courses. Matrices show the links betweer. the lessons 
and standard course outlines. Many different topics and instructional strategies are represented In the 
lessens. 

Social studies volume: Order #315-2 218 pp. $15.95 Quantity 

Science volume: Order #316-1 216 pp. $15.95 Quantity 



SciencelTechnologylSociety- Tracing Manual, edited by Laurel R. Singleton (1S88). 

This manual suggests ways in which a variety of workshops on STS can be organized and con- 
ducted. The manual provides activities to build awareness and assist in implementation. Ai«o presented 
are masters for numerous transparencies and handouts for use in training activities. 

Order #314-4 172 pp. $9.95 Quantity 



★★★★★★★★★★ 

Creative Role-Playing Exercises in Science and Technology, edited by Lynn S. Parlsl (1986). 

The five activities in this publication were developed to help prepare high school students for par- 
ticipation as Informed and interested citizens in the making and analysis of public policy related to 
scierice and technology. Each activity focuses on a science-reLted issue and integrates the presenta- 
tion of scieniiflc and societal data w^h a risk assessment and decisionmaking exercise. Topics covered 
in the activities are disposal of spent nucioar fuel, recombinant DNA research, acid rain, lOxic waste, 
and mining the seabed. Many reproducible student handouts are included. 

Order #306-3 756 pp. $24.95 Quantity 
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Connecting Science, Technology, and Society in the Education of Citizens, by John J. Patrick afxl 
Richard C. Remy (1985). 

Topics covered in this book include chaiienges associated with teaching about science-related so- 
cial Issues, the extent to which these chaiienges are t>eing met, ways in which educators can improve 
education in science/technology/society issues, and promising ^^ractices that can buHd connections be- 
tween social studies :^nd sclenca. 

Order #^J8-9 90 pp. $8.50 Quantity 



Teaching About the Future: Tools, Topics, and Issues, by John D. Haas and others (1987). 

This resource contains three major sections. The first presents six mini-lessons designed as warm- 
ups to the topic. The second focuses on the methods if futurists, and the third contain^: activities on fu- 
ture issues: energy resources, food, the health techno ?gy revolution, transportation, work and leisure, 
and mo«^el 

Order #31 I X 176 pp. $21.95 Quantity 



********** 



Postage and handling charges are covered by SSEC on all prepaid orders. On purchase orders, char- 
ges are added as follows: $0-$20, add $2 postage; $20 and over, add 10%. Orders with a foreign ship- 
ping address, add 15% for postage and handling. Orders will be shipped UPS -allow at least two 
weeks for delivery. Post office box or foreign address orders will be sent book rate -allow at least four 
weeks for delivery. All orders must be pab in U.S. funds. 

Please send the publications as noted above. Enclosed is a check/institutional purchase order in the 

amount of $ (including postage and handling). Prepayment is required for orders under 

$20. 

Name Posiiirn/Titie ^ 

insilution/Organization 

Street Address 



City State Zip 

Mail to: SSEC Publications, 855 Broadway. Boulder. CO 80302 

Prices subject to che^nge. Contact SSEC at the above address or call 303/492-8154 to inquire about 
price changes after April 1989. 



